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VITREOSIL TUBES have no equal for 
many purposes in the works or the labora- 
tory. Inthe former they are extensively 
used for furnaces for the heat treatment 
of wires and rods by continuous or batch 
processes and, closed at one end, as 
pyrometer protection sheaths. 


In the laboratory VITREOSIL TUBES are 
universally used for combustions and for 
numerous other purposes. VITREOSIL 
acid and heat proof laboratory ware is also 
indispensable in metallurgical laboratories 


Vitreosil Works, WALLSEND-ON-TYNE. 


London Depot - - Thermal House, Old Pye Street, S.W.1. 


Here are the figures for the test-piece shown above :— 
Elastic limit 16 tons per sq. in. 
Ultimate Tensile strength 35 tons per sq. in. 
Elongation 27°. 

The finest quality Manganese Bronze is to be obtained 

from the original makers :— 
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Fuel-Fired Furnace Temperature and 
Atmosphere Control 


By G. H. Barker. 


Apart from conditions of suitability, and efficient design and construction, the performance of heat- 

treatment furnaces is determined by the method of control adopted. Whilst the common primary 

object is the maintenance of a uniform temperature, or pre-determined time-temperature cycle, the 

method of control also affects the furnace atmosphere, combustion efficiency and, consequently, the fuel 

combustion. In this article the subject is discussed in the light of modern developments, and the 
author considers the future trend of furnace control in his conclusions. 


must obviously contrast manual with automatic 
regulation. Confining our attention for the time 
being to temperature control, and neglecting the questions 
of atmosphere and combustion efficiency, it may be at 
once agreed that satisfactory regulation can be secured 
manually in many cases, always assuming a skilled man is 


A NY consideration of the subject of furnace control 


Gibbons’ town gas- 
fired rotating hearth 
furnaces, fitted with 
Electroflo automatic 
temperature control 
at the works of 
Messrs. Wolseley 
Motors (1927) Ltd. 


able to devote his full attention te the work. Manual 
regulation possesses the advantage that the furnace man 
may be aware of proposed changes in loading, and therefore 
able to bring the maximum of skilled judgment to bear 
upon the adjustment of the rate of heat input to the furnace. 
Additionally, is has been claimed that, with a recording 
pyror:-ter in service, he is able to take the earliest notice 
of any tendency to deviation from the control point, and 
it is consequently assumed that he is able to limit its 
extent. 

It i obviously necessary, however, that the furnace man 
be on *he job throughout the complete time-temperature 
cycle nd allow nothing to divert his attention for a moment. 
He m st watch the indispensable indicating or recording 
pyron ter very closely in order to note the deviations 
from © required temperature, and will be called upon to 
show xceptional skill in dealing with the furnace lag. 
The f nace lag is the time which elapses between a change 
in the ~ate of fuel supply and the consequent change in the 
furna’ temperature, and this has to become effective at 
the pc it of temperature measurement—i.e., at the tip of 


the thermocouple—before the new reading can appear 
on the pyrometer scale. 

The comparison of manual with automatic control —on 
the score of temperature maintenance alone —favours the 
latter in a number of important respects. In the first 
place, the average automatic controller determines the 
relation of the furnace temperature to the control point 


once every twelve seconds, and whilst it might not be 
necessary for the furnace man to note the temperature 
reading with anything like the same frequency, there is 
obviously distinct advantage in the speed with which the 
temperature detector of the automatic controller operates. 
Moreover, it is able to determine the actual reading with 
considerably greater accuracy —i.e., usually within one 
degree on a range of 0-800° C. 

Manual control is therefore far less sensitive to small 
changes in temperature. Particularly slow is the furnace 
man’s reaction to unanticipated changes—e.g., a change 
occurring through an alteration in the pressure of the fuel 
and/or air supply, whilst a further lag occurs in effecting 
the necessary alteration in valve settings because the valves 
have to be reached, and the movement is performed 
manually. The automatic controller—a combination of 
thermo-electric pyrometer and motor-driven valve and/or 
damper regulator—-is almost instantaneous in its response 
to the need of an altered setting, and the time taken to 
reach the new setting is a matter of four to eight seconds 
only. 
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A quite important point is that manual control is subject 
to fatigue, and consequent lack of interest, whilst the 
automatic controller is obviously free from this disadvan- 
tage. 

There can, however, be no possibility of any automatic 
controller actually anticipating the need of an alteration 
in the rate of heat input. Correction of the rate must 
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changes. This fact must always be borne in mind w! »n 
judging the efficiency of automatic temperature contro] 
From the viewpoint of complete control—i.e., temp: a- 
ture, atmosphere, and combustion efficiency—it se as 
impossible to sensibly compare manual with autom ‘ic 
control. A noteworthy example of the difference betwen 
skilled manual control and automatic “‘ on and off ” con’ rol 
in the case of a gas-ired 
NORMAL DEMAND burising furnace was re- 
MI ported by Dr. Walter of the 
City of Birmingham (Gas 
Department in a_ paper 
on ' before the Institute of Fuel 
on May 14, 1930. Dr. Walter 
stated that the result of the 
installation of automatic 


OFF 


ON- OFF COARSE SETTING 


Fig. 1.--Two-position Control. 


always commence after the alteration in temperature has 
commenced to be effective. On the other hand, if we 
eliminate for the time being the knowledge of the furnace 
man of imminent changes in loading, we find, by any trial, 
that he is no better able than the control pyrometer to 
determine how long an increase or fall in temperature 
through such a cause will persist : moreover, he is unable 


to determine by exactly how much to alter the fuel and air | 


valve settings to counteract a deviation through a change 
in loading even though he is aware that it will occur. 

‘These comparisons make it clear that both manual and 
automatic control have the same characteristics—-i.e., both 
supply fuel in excess of the new rate of demand, and then 
return to the rate which is approximately correct for the 
time being. Automatic control is the more successful 
because of the frequency and accuracy with which the fur- 
nace temperature is detected, and the speed with which 
the new valve settings are reached. 

Theoretically, a simple “ on and off” type of automatic 
controller with but two (adjustable) valve positions—i.e., 
open and shut, cannot be as efficient as manual control by 
a skilled man capable of widely varied valve settings to 
suit the actual operating conditions. In practice, however, 
automatic control of this type is easily capable of con- 
tinuously maintaining the desired temperature within 
5° at 1,000° C., or within limits which are closer than those 
actually required in the large majority of heat treatment 
operations. Apart from the previously stated reasons it 
must be borne in mind that whilst the rate of heat input is 
always in excess or short of that actually required, the 
thermal capacity of the furnace and its contents are modi- 
fying factors which make such a system of control so 
satisfactory as it has been proved to be in industrial service. 
The system would only be impracticable in the theoretical 
case of a furnace having an almost instantaneous and 
exact response to an alteration in heat input. 
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control was an increase in 
furnace throughput of no less 
than 52-7% and a reduction 
in gas consumption of 
22-1°%,. In dealing with the importance of maintaining 
the highest possible combustion efficiency in fuel fired 
furnaces, Dr. Walter stated that “ with furnaces for general 
heat treatment operated under closed door conditions it 
was quite possible to keep the excess air to within 10°, 
and in the case of automatically controlled furnaces to 
within 5%, of the theoretical air required for combustion.” 

Whilst, in theory, manual control is capable of infinitely 
varied valve settings, and automatic control appears to 
suffer by the fact that the valve settings are limited and 
fixed, the success of the latter is due to the fact that those 
settings proved to be the most desirable for the particular 
operating conditions by an initial experimental period are 
continuously maintained. In manual control—bearing 
in mind the three requirements of satisfactory overall 
performance—the effort is always to recover the most 
suitable settings, which may be disturbed each time control 
is exercised. The apparent crudities of automatic control 
are more than compensated for by the frequency and 
precision with which the temperature is detected, and the 
thermal lag of the furnace. The control valves are so 
designed and set that the ratio of air to fuel is correct for 
each valve setting. 

Two-position Control (Fig. 1).—With an automatic 
controller of this type there are but two valve positions — 
ie., maximum and minimum openings. As the two 
positions of the valves (fuel, or fuel and air, or fuel valve 
and stack damper) are adjustable, a short period of opera- 
tion will show the most desirable maximum and minimum 
positions which, when once determined, can be set and left 
constant —assuming that the required furnace temperature 
is reasonably constant. 

With a two-position controller on a steady, continuous 
load, it will be clear that the closer together are the 
maximum and minimum openings of the valves— provided 
always that the open position is great enough to supply 

the greatest demand likely 
to be met, and the closed 
position slightly less than 
the minimum demand—the 
MAX better the performance. The 
nearer we approach this 
position, however, the more 
restricted the system 1s 12 
handling changes in demand. 


FINE SETTING 


NORMAL DEMAND 
MIN. 


LOW — NORMAL — HIGH 


LOW— HIGH — FULL ON 


Fig. 2.—Three-position Control. 


Whilst reference has been made to a tolerance of 5° at 
1,000° C., it must be appreciated that this refers to the 
measured temperature at the tip of the thermocouple. It 
is a safe assumption that the temperature of the mass of 
the treated product is practically constant at the required 
temperature, inasmuch as the thermocouple is easily the 
part of the complete system most sensitive to temperature 


pod In such circumstances, the 

ae eo valve settings will be suit able 

for one control temperature 

only, and have to be reset 

if the control index position is changed. Where the 

control temperature is a variable for different ¢!asses 

of work, and the controller has to contend with fre«juent 
door openings, reloadings, ete., simple “on oak ol 
control is preferable. To distinguish between ‘wo- 

position and ‘on and off” control it is necessary t0 
state that in the former the object is to set the ive 
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positions as close as possible to those required for the 
maintenance of a given working temperature, while in the 
| .tter the valve positions are set as widely apart as possible 
to take care of the variables referred to, consonant with 
satisfactory regulation. In judging the performance of 
the two methods in terms 

of desired temperature 
maintenance one must MIN. 4 
give proper consideration a 
to the difference in duties, 
but it will be found that 
“on and off” control is 
more efficient than the oFF 
description of the method abe 
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arrangement of limit switches in the motor-driven valve 
regulator which ensures that for each step of the actuating 
controller a definite valve position, supplying less fuel on 
a rising temperature and more on a falling temperature 
for the same step is taken up. The circumstances under 
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would lead one to believe, VY 

and usually within limits DEMAND NORMAL 
of plus or minus 6° on a 

range of 0-1,000C. The 

efficiency of accurately set two-position control will usually 
be within plus or minus 3° over the same range. 

Three-position Control (Fig. 2)—Whereas the control 
mechanism of the two-position controller has two s‘»ps—- 
viz., “high and low”’—the three-position contrei has 
“high, mid and low ” positions. As will be obvious, the 
valve regulator will provide three valve and damper 
settings, open, mid-position, and closed position. Assuming 
the furnace to be cold, the first action of the controller 
will be to open the valves to the maximum position in 
order to secure the most rapid heating. When the control 
point is reached, the mid-position will be taken up, and 
thereafter—assuming a constant furnace load—the 
regulator will move the valves between the closed and 
mid-positions—opening up to the maximum position in 
the event of a deviation from the control point which the 
mid-valve position is incapable of restoring. 

The total movement of the valves from open to shut 
can occur over any part of the full range of valve openings— 
i.e., from fully closed to fully open —and a short trial and 
error period will determine the most suitable setting. It 
will be apparent that with three-position control it is 
possible to increase the distance between the maximum 
and minimum valve settings and therefore widen the 
range over which satisfactory temperature and atmosphere 
control is possible, due to the availability of the mid- 
position for the regulating valves. 

It would appear from this that the more intermediate 
positions there are available the greater is the chance that 
one of them will coincide with the current demand, provided 
that the position taken by the valves for a given tempera- 
ture is greater on a falling than on a rising temperature. 
It is possible, however, to travel too far in that direction 
for a number of reasons, among which may be included 
those of furnace lag and thermal capacity. 

Four-position Control. <A 
further practicable step, 
however, is to four-position 
control, providing two normal 
positions in addition to the 
open and shut positions. When 
the control point is reached, 
and assuming a_ constant 
furnace loading, the valve 
setting will fluctuate between 
the two normal positions, fall- 
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Fig. 3.—Balancing Control--3 position. 
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which such a type of controller is desirable are, however, 
quite exceptional. 

Balancing Control (Fig. 3). —This type of controller was 
developed for application to furnaces where variations in 
temperature persist for a definite period through alterations 
in furnace loading, and when the system has to contend 
with the effects of other variables. 

The valve regulator employed has two driving motors, 
one for the initial and the other for the secondary stroke. 
In normal operation the initial stroke motor alters the 
valve settings to correct temporary deviations from the 
controlled temperature, but when it becomes incapable 
of correcting deviations which persist, through some 
external cause, the secondary stroke motor comes into 
commission and alters the fulcrum of the valve operating 
lever, thus moving the valve positions to a new part of 
the total available range of valve operation. The control 
may be of the two- or three-position type. 

Employing as our example three-position control, the 
operation is as follows. Assuming the furnace to be cold, 
the initial stroke motor will open the valves to the maximum 
setting, returning them to the mid-position when the 
control temperature is reached. Thereafter the valves 
will be moved from the maximum to the mid, and the mid 
to minimum openings as required by the variations in 
temperature. If, however, with the valves at the minimum 
position the temperature continues to rise, the step of the 
controller is repeated and the secondary stroke motor 
comes into commission. It is ineffective, however, until 
such time as the particular step of the controller has been 
repeated a given number of times, corresponding to a 
given time period. At the expiry of this period the second- 
ary stroke motor becomes effective and alters the whole 
range of valve settings by altering the fulcrum of the valve 
operating lever as described above. 
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ing to the minimum or rising 
t» the maximum setting if, 
ivr any reason, the normal 
positions of the valves are 
ivcapable of correcting the particular deviation. It 
vill be obvious, however, that in many circumstances 
s ch a system will actually operate as a three-position 
control during the majority of its operating periods, 
« .d assuming no large deviations in temperature, as a two- 
| sition controller—i.e., between the two normal positions. 
An interesting later development of this system is an 


NORMAL 
Fig. 4—-Floating Control. 


It will be seen, therefore, that the initial stroke motor 
takes care of the normal and temporary variations in 
temperature, whilst the secondary stroke motor permits 
the regulator to deal also with the semi-permanent or 
maintained temperature changes arising out of alterations 
in furnace loading and other variables. 

Balancing control therefore provides—in normal cases— 
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two or three valve positions, which are effective over the 

major part of the total available range, and affords a 

flexible means of control, which is very suitably applied 

to the regulation of the temperature and atmosphere of, 
say, a continuous type of heat treatment furnace with 
irregular loading. 

Floating Control (Fig. 4).—In_ certain temperature, 
control applications where the desired temperature, for 
example, is controlled by the admission of cold air to the 
hot gas employed as the heating medium, floating control 
is used. This may be of the two- or three-position type, 
and is designed to open or close the regulating air valve 
or damper slowly in response to the coincidence of the 
control pyrometer pointer with the high, mid or low 
position of the temperature detecting system. The opera- 
tion is as follows. When an alteration in valve setting is 
required, the driving motor of the valve regulator is 
energised. It is so designed, however, that it runs slowly, 
and successive depressions of the temperature detecting 
system occur in the control pyrometer before the limit 
switch is reached, the number of depressions depending 
upon the particular duty and being, in effect, a time lag. 
If the steps are in the same direction, the motor will be 
allowed to run until the limit switch operates, but if the 
temperature has passed the control point, the effect of the 
subsequent depressions will be to reverse the direction of 
operation of the valve regulator. Such a system is, of 
course, only applicable to conditions where there is little 
or no time lag in the temperature response to an alteration 
in the valve or damper setting. 

The Maintenance of Predetermined Time-temperature 
Cycles. In many classes of heat treatment work —e.g., 
annealing—it is necessary to follow a definite time- 
temperature cycle. Automatic control of this type is 
available with any of the systems described above, modified 
so that the control point is altered automatically to follow 
the time-temperature cycle. Of the methods available, a 
description of two will suffice. 

In the first, the index or target of the control pyrometer 
is moved by a motor or clock-driven cam, the cam being 
cut to suit the particular process being conducted, and 
usually interchangeable with other cams designed for the 
regulation of other classes of work. 

The alternative method is to leave the control index 
stationary and introduce an additional e.m.f. into the 
thermocouple circuit. Consequently, the operating tem- 
peratures of the cycle are maintained for the desired period 
by varying the additional e.m.f., the alteration being 
effected through the medium of a motor or clock driven 
cam. Whilst the control index may be set at, say, 500° 
as the most convenient position, a desired temperature of 
400° is maintained by the calculated increase in applied 
e.m.f.—which in this example would be equivalent to 
100° —which brings the indicating pointer into coincidence 
with the control index, which is stationary at 500°. This 
condition will persist as long as the time cycle requires, 
and the maintenance of any higher or lower temperature 
for any required period is obtained by the automatically 
obtained alteration in the applied e.m-f. 

The advantage of this method is that it may be added 
to any existing automatic control installation, but its 
disadvantage is that the reading of the control pyrometer 
is falsified. This point is not of great importance, however, 
as usually an index can be added to the motor or clock- 
driven cam mechanism. 

Atmosphere Control. Apa*t from correct temperature 
maintenance, it is obviously necessary to control the fuel-air 
ratio, in order that combustion may be as efficient as 
possible and the fuel consumption at the minimum. In 
addition, the majority of heat treatment processes demand 
the maintenance of an oxidising, neutral or reducing 
atmosphere, in the interests of the work being treated. 
The control must therefore, be such that the most efficient 
combustion is secured consistent with the special 
atmosphere requirement. Automatic control is especially 


DECEMBER, 1934. 


valuable in the sense that, for example, a reducing atmos 
phere can be safely maintained with the minimum of exces: 
gas and, therefore, loss of efficiency. 

The type of control will obviously depend upon th 
design of the furnace. In the case of natural draugh 
furnaces, the valve regulator will control the position of t}: 
fuel valve and stack damper, the settings of which will } 
related in order to give a particular damper settin 
corresponding to each degree of valve opening, th. 
maintaining the desired fuel-air ratio at all times. 

With forced draught furnaces, the controller wil] 
regulate the settings of the fuel and air valves to produce 
a similar effect, and in other cases, fuel and air valve 
and exhaust damper. In cases where the air for combustion 
is induced by the gas burners, the control will be on the 
gas supply and stack damper, but where the gas is induced 
by the air, the problem is simplified and control of the air 
only is necessary. The efficiency of control will depend 
upon the efficiency of the burner and induction system. 

In general, therefore, the fuel and air valves must be so 
designed that the ratio of port areas, when once established 
manually, will not be altered during any movement the 
controller may make, or at any point at which it may 
come to rest. It is also necessary to maintain the tem- 
perature and pressure of the air and gas as they reach 
the control valves constant, or in the case of oil-fired 
furnaces the pressure and viscosity of the oil, in order that 
the volume and ratio of the flow of the two is not altered. 

The requirements, in total, of efficient fuel-fired furnace 
temperature and atmosphere regulation are such that it is 
abundantly apparent that fully automatic control is 
indispensable, in the sense that no furnace man —however 
skilled or experienced —can hope to take care of all re- 
quirements satisfactorily with anything like the same de- 
gree of accuracy, and certainly not for any extended period. 


Obituary. 
Mr. J. H. S. Dickenson, F.Inst.P., Assoc.Met. 


In the sudden death of Mr. Harry Dickenson, British 
metallurgy has lost one of its leading personalities. The 
original investigator to explore the phenomenon of “ creep,” 
his discoveries in this field immediately gave him an 
international reputation at an early age. 

Mr. Dickenson obtained the Mappin Medal and his 
Associateship at the Sheffield University in 1900, and in 
the same year was Honours Prize man in the City and 
Guilds of London Examination in iron and steel manu- 
facture. The period of his presidency of the Sheffield 
Metallurgical Association is well remembered by all the 
members, particularly as a result not only of his geniality, 
but the discriminating way in which he encouraged dis- 
cussion of the various subjects of particular interest to 
the Sheffield steel industry. 

Mr. Dickenson was a leading member of the Iron and 
Steel Institute, and was vice-chairman of the Corrosion 
Committee and the Heterogeneity Committee. He was 
elected a Fellow of the Institute of Physics in 1922. In the 
1915 and 1916 session the Institution of Automobile 
Engineers awarded him the “Crompton Medal” in 
recognition of the services which he had rendered to the 
advancement of automobile engineering as a result of his 
researches. 

His first industrial experience was in the works of 
Messrs. Beyer Peacock and Co., of Gorton, where he 
obtained an excellent knowledge based on the use of 
steels for locomotive construction, after which, at the 
invitation of Mr. Douglas Vickers, he came to Vickers 
works, Sheffield, to establish a Metallurgical Investigation 
Department. On the formation of English Steel Corporation, 
Ltd., in 1929, to take over the steel interests of Vickers- 
Armstrongs, Ltd., and Cammell Laird and Co., Ltd., 
Mr. Dickenson was appointed in charge of the Metallurgica! 
and Research Department, being made a special director 
of the Corporation in July, 1931. 
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Trade and Industrial Progress. 
A T the close of 1933 the condition of British industry 


inspired a feeling of greater confidence than had 

existed for several years. During that year industry 
experienced a period of transition from crisis to recovery, 
and while then, as always, it was unsafe to prophecy, 
because in the past hope has often been rekindled, only 
to be succeeded by periods of blank despair, the outlook 
was decidedly hopeful. The process of transition during 
1934 is not yet complete because definite plans of re- 
organisation, to effect adjustments in keeping with new 
conditions, mature slowly, but there is sufficient indication 
of considerable improvement in practically all branches 
of industry. Everywhere the gloom of despondency, 
experienced during the years of depression, is being dis- 
sipated by the rising sun of prosperity. A new spirit of 
hopefulness is abroad. Confidence and courage have been 
born anew, and industrialists are looking forward with a 
firm belief in their ability to facilitate further, in the 
immediate future, the improvement already experienced. 

The year 1934 has shown progressive recovery of the 
British iron and steel industry since the policy of protection 
of the home market became effective, and through the 
courtesy of Sir William J. Larke, K.B.E., Director of the 
British Iron and Steel Federation, we are able to give his 
views on its development and prospects. Production for 
the year, he states, will amount to 6 million tons of pig 
iron and 9 million tons of steel, which is a 50% increase 
in the production of pig iron and 30% increase in the 
production of steel. At the same time, imports have 
increased by 45°% and will reach a total of 1,400.00 tons. 
Exports have shown a satisfactory tendency to increase. 
In the past few months they have been at a rate 25% 
higher than in 1933, and will amount for the year to just 
over 2 million tons. Thus, if the absorption of the home 
market may be measured by the summation of production 
plus imports less exports, it will be found that the home 
market absorbed 8-4 million tons, or 400,000 tons more 
during 1934 than on the same basis of computation it 
absorbed in 1929, the record year of peace-time production 
in the history of the industry. 

The price-level, as computed by the Board of Trade 
Index, is only 10-1% above tlie 1913 level. This, in spite 
of the fact that the general wage level of the country is 
64°. above the 1913 level, and many of the contributing 
costs of the industry, such as transport, coal, and other 
materials, are substantially higher than in 1913. Sir 
William is certainly justified in claiming this to be a striking 
testimony to the progress which the iron and steel industry 
has made in production efficiency. Coupled with the 
increasing degree of national organisation of the industry. 
having for its object the replacement of competition by 
co-operation, this augurs well for the future, and an 
incr asing demand at home and expanding exports, in 
spit’ of the difficulties of present world conditions and the 
high r wage level in this country, indicate that the com- 
petit ve power of this industry has been steadily improving. 
T! ore seems every prospect that in 1935 the iron and 
stee! industry will at least be able to maintain its present 
voli xe of production with an upward tendency. That 
ther are reasonable grounds for the upward tendency 
may be gathered from the fact that during 1934 progress 
has »een achieved, despite the serious depression in the 


shipbuilding industry and the fact that the sheet and tin- 
plate industries have both been working substantially 
below capacity for the greater part of the year. These 
three industries, under normal conditions, are most 
important consumers of steel. Thus, improvement in de- 
mand will accelerate the upward tendency referred to. 

Improved conditions also exist in the non-ferrous metals 
industry. The upward trend experienced at the beginning 
of the year has been maintained, and further progress has 
been made not only in meeting the requirements of the 
home market, but in export. The industrial application of 
copper and its alloys has been further developed, largely 
as the result of investigations which have facilitated the 
production of high-grade alloys. A series of new copper 
alloy has been developed, which by simple heat-treatment 
are considerably improved in hardness, strength, and other 
mechanical properties. 

The year 1934 has been one of intense growth in the use of 
the high-quality light alloys that obtain their maximum 
physical properties by heat-treatment, many applications 
being found in the wrought and cast shapes. Progress has 
resulted largely from the desire to speed up by saving the 
unnecessary moving of weight, the lowering of inertia 
loads, or simply a saving of effort in manual work. The 
principal demand for these light alloys still comes from 
transport, included in which is the aeronautical field. The 
advent of the Diesel engine to commercial vehicles and 
rail coaches has made a noticeable increase in demand 
which is likely to still further greatly enlarge. Research 
in the light alloy field has made possible many applications, 
and the promise of the future is particularly bright. 

The year has certainly been a period of steady and 
continuous recovery. Confidence has grown, and with the 
growth of confidence improvement has become more 
widespread. Even the shipbuilding industry, which has 
probably been the hardest hit of any during the slump, 
shows encouraging signs, and there has been a steady 
demand for new tonnage. Order books are in a healthier 
condition. With increasing confidence manufacturers have 
been encouraged to proceed with various schemes which 
have for their object increased efficiency in production. 

It is apparent that recovery is definitely in progress. 
particularly when the unemployment figures are taken 
into account which show a substantial reduction on 1933, 
but we should not overlook the fact that over 2,000,000 
are still unemployed. Much headway must be made 
before recovery in trade and industry can have its proper 
significance. There can be no doubt that the imposition of 
tariffs has contributed largely to the improvement evident 
in meeting home requirements, but the obstacles to the 
expansion of international trade are still formidable, and 
it is development in this direction that would facilitate 
recovery and lead to that degree of prosperity so much 
desired. Unfortunately, all nations of the world adhere 
to a policy of economic nationalism, which finds expression 
in high tariffs, import restrictions, and quotas, and limita- 
tions on the export of currency. There are distinct indica- 
tions, however, that the forces of recuperation are bursting 
the bonds of artificial restriction of the world’s trade, and 
Britain is in the forefront of the recovery movement. 
We believe, therefore, that the progressive spirit already 
manifest in British trade and industry will be cumulative, 
and that next year there will be a further expansion in 
both home and foreign markets. 
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FIRE-FIGHTING BY FOAM. 
Ti most efficient principle for extinguishing difficult 


fires of the type resulting from burning oil fuel, 
lubricating oil, petrol, benzol, pitch, and similar 
inflammable products, such as obtains for example in 
connection with by-product coke-oven plant, is to 
** blanket ’ the combustion by excluding air. One of the 
best general methods is the use of foam, and of great 
interest are the latest designs of the standard ‘‘ Foamite 
Two-Solution system for permanent installation in 
establishments with unusual fire risks, a production of 
Foamite Firefoam, Ltd. 
The basic principle is to mix a harmless acid salt with 
a carbonate containing a foam stabiliser, which is an 
organic colloid. As a result carbon dioxide (CO,) gas is 
formed, along with a hydrate, giving a vast outpouring of 
small bubbles in dense association. These bubbles, filled 
with carbon-dioxide gas, are formed of a film of the hydrate 
rendered extremely tough and resistant by the colloid so 
that they do not collapse for a considerable period, not 
being affected by direct contact with a fire. A mass of wet 
bubbles of this type smothers combustion in remarkable 


Typical hy- 
drant with 
rotary hose 
drum install- 
ed by a well- 
known by- 
product recov- 
ery plant. 


fashion, especially in the case of dangerous and inflammable 
liquids. Mainly the action is that of eliminating air so that 
the fire is smothered on somewhat the same lines as when 
carbon-dioxide gas and carbon-tetrachloride vapour are 
used. In addition, however, the wet bubbles have a 
beneficial auxiliary cooling action, tending to reduce the 
temperature to below the ignition point, on the same lines 
as water, but without, of course, the serious disadvantages 
of flooding. 

This foam method is available for use in a number of ways, 
with many varieties of equipment to suit different conditions, 
but for a large number of cases the most efficient method, 
although each job has to be studied on its merits, is perhaps 
the “ ‘Lwo-Solution permanent installation. This consists 
essentially of two storage tanks, one for each of the solid 
ingredients dissolved in water, a twin-duplex pump, and 
twin piping, with valves, through which the two solutions 
pass separately until they meet near the discharge devices, 
which can be of the fixed as well as the portable type, the 
latter being operated on the usual lines in conjunction with 
flexible hose. 

The storage tank for the acid salt solution is lead-lined, 
and both solutions can be agitated by compressed air. 
Also the two ingredients are first dissolved in an adjoining 
smaller tank fitted with steam coils and compressed air for 
agitation, the solutions in the storage tanks being of constant 
standard strength. The twin force pump used, generally of 
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the reciprocating type, is driven in any convenient manner—. 
steam, electricity, or internal-combustion engine,—and 
often two different methods are installed as an additional 
safeguard. Upon an outbreak of fire occurring the pump is 
immediately started, and each half pumps an equal volume 
of the carbonate solution, with the colloid and the acid 
solution, through the twin-pipe circuit, with admixture 
near the required permanent outlets in the fire zone, as 
obtained by manipulating the necessary valves. The pipes 
used are of steel or wrought iron, able to stand a pressure up 
to 125 Ib. per sq. in., and all the valves may be in a central! 
control-room. 


Ferrous Metallurgy in Relation to Aircraft. 


IN a’recent lecture read before a meeting of the Royal 
Aeronautical Society, Dr. W. H. Hatfield reviewed the 
progress achieved during the seventeen years since he 
discussed the same subject before this Society. Progress 
as regards the means and art of flying has been not only 
sustained but rapid, as is brought out in a table giving 
typical aircraft performance data. As Dr. Hatfield points 
out, the amazing technology is well represented by the 
De Haviland Comet, which has just flown to Australia and 
back in thirteen and a quarter days, developing 460 h.p., 
with a weight ratio of 12 lb. per h.p. In this paper he has 
endeavoured to show the extent to which metallurgy has 
contributed and is contributing, and, although his discussion 
is confined to steel, a remarkable amount of valuable 
data is made available. 

The last twenty years has seen substantial new achieve- 
ments, and entirely new steels are employed in the air- 
craft industry. Great progress has also been made in other 
directions. The physical chemistry and general conditions 
of steel-making are more completely understood, and 
cleaner steel is now made; steel freer from non-metallic 
impurities. Again, the hot working is now performed in the 
optimum range of temperature, when the steel best lends 
itself to such de-formation. In the field of heat-treatment 
also great knowledge has been obtained as the result of 
researches by many investigators at home and abroad. 
Inspection is extremely meticulous. It is realised that the 
smallest irregularity or defect may be the predisposing 
cause of failure in the finished part. The net result is a very 
high standard in the production of aeroplane parts. 

Dr. Hatfield included rather extensive data, which 
consists essentially of: Schedule of steels at present 
specified ; the application of steels to different parts ; 
mechanical test data concerning selected typical structural 
steels ; physical properties of selected typical structural 
steels : mechanical test data concerning selected typical 
rich-alloy steels; physical properties concerning selected 
typical rich-alloy steels; heating and cooling curves of 
tvpical steels, and microstructures of typical steels. 
Comment is made on the large number of steels employed, 
and the need for restriction in the number is suggested as 
necessary and desirable. 


Tin Compounds in Lubricants. 


The deterioration of soils used for engine lubrication 
is due mainly to oxidation, which causes the formation 
of sludge, and is accelerated by copper, iron and certain 
other metals. Tin and its compounds, on the other hand, 
are effective in inhibiting sludge formation. This valuable 
property of tin compounds is described by Dr. E. W. J. 
Mardles in a publication recently issued by the Inter- 
national Tin Research and Development Council in which 
a series of graphs shows how the addition of such com- 
pounds as tin oleate or tin tetraphenyl to the oil reduces 
the amount of oxidation and the viscosity rise on prolonged 
heating. 

Copies of this publication are obtainable gratis on 
application to the International Tin Research and Devel) 
ment Council, Mansfield House, 378, Strand, London, 
W.C, 2. 
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Jevelopment Trends in the Iron 


METALLURGIA 


Steel Industry 


By William Ashcroft 


In pre-war times the tron and steel trade was 


regarded as being the most reliable barometer, 


and, if it is still to be trusted, conditions have vastly improved during 1934. Some 
factors which have promoted these conditions are discussed in this article. 


of confidence in the future prospects of British 
trade and industry. Trade has recovered to a con- 

dition which may almost be described as a prosperity 
phase in the cyclical impulses towards recovery. ‘The 
optimism with which the prospects of 1934 were regarded 
at the end of 1933 has been justified by results. At the 
early part of the year the revival was confined largely to 
internal trade, but a promising feature now manifest is 
the gradual expansion of the export trade. This has not 
developed to an extent comparable with pre-war times, but, 
in view of the economic nationalism to which all nations 
seem to adhere it is a very encouraging sign, particularly 
as there are indications of it improving. It will be appreciated 
that the obstacles to the expansion of international trade 
remain very formidable ; high tariffs, import 
restrictions and quotas, and limitations on 
the export of currency continue to make the 
expansion of export trade very difficult, but 
considerable success has been achieved as a 
result of bilateral agreements, as well as 
agreements arising out of the Ottawa 
Conference ; these have affected a change 
which apparently is a profit to all concerned. 
Improved trade is indicated more clearly 
by the basic industries, because their con- 
dition is controlled by the demand for raw 
and semi-finished products they supply. 
This is particularly true of the iron and steel 
industry, which for long was regarded as a 
reliable barometer of trade, and, despite the 
changed economic conditions, may still be 
so regarded. In ail branches there has been 
a distinct revival ; in some respects it has 
exceeded the production of 1929, the record 
year of peace-time production in the history 
of the iron and steel industry. There has 
been a gradual improvement since the autumn 
of 1932, and there is every indication that 
pig-iren production will exceed 6 million 


T'« year 1934 has been marked by a steady growth 


are expected to exceed 2 million tons. Imports, on the other 


hand, are expected to reach a total of 1,400,000 tons. An 
example showing the effect of improved conditions in the 
industry is the traffic on the Tees during the year. This 
has increased in imports and exports by about a million 
tons. Imports will have advanced by about 750,000 tons, 
and exports by about 210,000 tons. The principal increases 
of imports include about 600,000 tons of iron ore, about 
20,000 tons of semi-finished steel, and 30,000 tons of scrap. 
Increases in exports will include pig iron and steel in various 
forms of approximately 20,000 tons and 115,000 tons, 
respectively. 

It will be noted that though the import of iron and steel 
has not ceased it has been very largely reduced, and an 
assured home market, as a result of tariffs, has given 


By Courtesy of Metropolitan Vickers Electrical Co., Ltd. 


tons, while steel production will exceed 
9 million tons. Compare these figures with 
4,120,000 and 7,000,000 tons, respectively, 
for 1933, and 3,570,000 and 5,260,000 tons, 
respectively, for 1932, and it will be appre- 
ciated that considerable improvement has 


Synchronous motor-generator set for rolling mill drive at Messrs. 
Stewart and Lloyds’ Mill, Corby ; it comprises 125-volt exciter for 
the motor, a 2,000-kw. compensated shunt generaior, a 1,800/3,100-kw. 
compensated shunt generator, a 7,000-h.p., 3-phase, 50-period, 
11,000-volts, 500-r.p.m. synchronous motor, a second 1,800/3,100-kw. 
compensated shunt generator, and a slip-ring induction motor for 
starting the set. 


been effected. 

The steady upward trend in pig-iron production has been 
necessary to meet domestic requirements, and many blast 
furnaces for long idle have been blown-in during the year 
to cope with the demand. Some 97 blast furnaces are now 
in operation, and despite seasonal influences pig-iron 
producers have good orders on their books to carry them 
we | into the new year. There has been a corresponding 
inc eased demand for steel. Confidence has grown from a 
fli ering spark to a brightly burning flame. Profits, 
ins ead of losses, are now being earned by the majority of 
ste | manufacturers. 

. [though the home market has absorbed an increased 
an vunt of iron and steel, exports have shown a satis- 
fac ory tendency to increase. During the last few months 
th » have been at the rate of 25% higher than 1933, and 


British producers an outlet for a substantially increased 
volume of production, but the important galvanised and 
tinplate trades are suffering from the loss of cheap materials, 
upon which they were built. However, this protection of 
the home market does not confer upon the British iron and 
steel industry any advantage which their competitors do 
not possess in their own domestic areas, and in differentiating 
between home and export quotations, the British manu- 
facturer has simply copied his Continental rivals. It 
should not be assumed that the industry is taking undue 
advantage of protection, because the price level of its 
products, as computed by the Board of Trade, is only 
10-1% above the 1913 level. Compare this with the 
general wage level of the country, which is 64%, higher 
than the 1913 level; while severai of the contributing 
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This O1-in, heavy-type single-reduction helical gear unit, made by 
David Brown and Sons (Huddersfield), Ltd., Huddersfield, for driving 
a large sheet-steel rolling mill, It is designed to operate between a 
1,800-h.p. driving motor and “ Duo™ roll mills, running at about 
35 r.pm.; the motor speed is 300 r.p.m., so that a gear ratio of 
approximately 84: 1 was required, This was obtained by making 
the pinion with 24 teeth, and the wheel with 203; 1} d.p. being 
employed, The unit ix capable of dealing with a marimum momentary 
horse power of 10,800, The case is constructed of fabricated ste el, and 
independently mounted on a bed, also of welded steel, thereby largely 
eliminating the expensive patterns generally associated with such 
work, The wheel, believed to be the large at of its kind ever cast in one 
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be in a position to compete on equal terms. | 
is therefore necessary to apply the most mode: ; 
scientific methods designed to meet the speci | 
needs of a particular plant, and to give equ. | 
consideration to the whole range of productic 
from the treatment of ore and fuel to the rollin + 
of steel into its marketable forms. 

Much attention has been given to the full.r 
utilisation of the ore, and ore-sintering plants 
have been installed at many works, and further 
installations are pending. The Millom and Askam 
Hematite Iron Co., Ltd., for instance, have given 
an order to the Copper Co. (Great Britain), Ltd., 
for an ore-sintering plant, to be erected at Millom, 
Cumberland. The capacity of the initial in- 
stallation is 500 tons of screened sinter per 24 
hours; but the buildings are being installed of 
sufficient size for the necessary additional appara- 
tus, to enable the increase of screened sinter to 
700 tons per 24 hours, if desirable, at a later date. 
The plant installed will embody a system for the 
elimination and collection of dust. 

The new works at Corby, Northamptonshire, are 
proceeding rapidly towards completion. Plant is 
gradually being installed which should make these 
works the last word in modernity. In connection 
with the new iron-ore bed, Messrs. Stewarts and 
Lloyd, Ltd., have installed what is claimed to be 
the largest electric shovel excavator yet installed 
in Europe. The machine, which was built by 


pie ce, we ighs appro. ly 24 tons. 


costs of the industry, such as transport, coal, and other 
materials, are substantially higher than in 1913. 


Since the war the industry had been left with a surplus 
of plant, either obsolete or in need of improvement. The 
evils of cut-throat competition and under-employment of 
this plant had added considerably to the economic diffi- 
culties. It was therefore a condition of the imposition of 
a tariff on imported iron and steel that the industry should 
put its house in order and supply the right material at the 
right price. Definite plans mature slowly, but, during this, 
the second complete year, since adopting protection, 
producers have shown increased confidence and have 
carried out, or are carrying out, schemes of reorganisation 
which, already, have given striking results in efficiency. 
Take as an instance the works of Steel, Peech and Tozer, a 
branch of United Steel Companies, Ltd., with ten furnaces 
a weekly output of 11,000 tons of steel is being produced. 
This is an achievement when it is remembered that only 
a few years ago 700 tons per furnace per week would have 
been regarded as an astonishing record. Now, Mr. 
A. Williamson, general manager at these works, is of the 
opinion that 1,500 tons per furnace per week was an 
output which might confidently be expected in the near 
future, 

Many reconstruction schemes in all the chief centres of 
production, and involving the expenditure of considerable 
capital, anticipated the reorganisation of the structure of 
the industry. Notable examples of these may be mentioned : 
the reorganisation of the English Steel Corporation, Ltd., 
United Steel Companies, Ltd., Lancashire Steel Corporation, 
Ltd., and the majority of the most important producers in 
Britain. The primary object has been to produce cheaper 
steel, and the fact that the price level is only 10-1°, above 
the 1913 level is a striking testimony to~ the progress 
which the industry has so far achieved. Many opportunities 
are still available for reducing the cost of steel, and by 
concentrated effort it will be possible not only to retain 
home markets, but to obtain a larger share of the orders 
for overseas markets. 

Britain must continue to be an exporting nation; she 
must find outlets overseas for her manufactures, and, as 
the world’s iron and steel requirements expand, it is a 
matter of extreme urgency that her steel trade should 


Messrs. Ransomes and Napier, Ltd., with B.T.H. 
electrical equipment, has a capacity of 9 cub. yds., 
a dumping height of 70 ft., and a radius of 101 ft.; thus 
enabling a cut of 55 ft. to be maintained without rehand- 
ling the deposited material. The same works have in- 
stalled a 7,000 kw. synchronous motor-generator set for 
the rolling mill drive. In addition two push-bench equip- 
ments for making tubes are on order. One bench is driven 
by a 2,000-h.p. motor, and the other by a 1,000 h.p. These 
are supplied by Metropolitan-Vickers Electrical Co., Ltd. 

A large reversing mill equipment is on order from 
Metropolitan-Vickers Electrical Co., Ltd., for the Briton 
Ferry Steel Co., Ltd., South Wales. This comprises a 
2,900-h.p. mill motor, with peaks of 9,070 h.p., supplied 
from a steam turbine-driven fiywheel motor-generator set, 
with provision for future extension by adding another 
generator and turbine to supply a further mill motor. 
This steam turbine-driven flywheel motor-generator set 
represents an unusual scheme of which this Company were 
the originators, having first used it for an electric winding 
engine, and are now adopting the same scheme for driving 
a rolling mill. 

Many references to developments could be made to 
show that considerable progress has been effected and 
with a continued improvement in world trade the 
reconstruction schemes will proceed to conform with the 
changed economic conditions. The substantial progress 
already made is most gratifying, but persistent effort will 
achieve further substantial economics in production that 
should ultimately help the shipbuilding industry and the 
galvanised and tinplate trades. 

Great Britain’s sun has not yet set as an industrial power. 
Throughout the storm and stress of the post-war years 
political and economic stability has been maintained, and 
if this country is no longer regarded as the workshop of 
the world, it is still the most important workshop of the 
world, with its industry as a whole on a sound financial 
basis. World conditions are improving, and the British 
iron and steel industry, reconstructed on the lines now 
proceeding, need fear no competitors. Thus, a new spirit 
of hopefulness is manifest in the centres of the industry ; 
it has promoted confidence and courage, and producers 
are entering the new year with a firm belief in their abilit, 
to make progress. There is justification for the belief be- 
cause, after years of under-consumption, there is eviden: 
that the world’s need of iron and steel is greater than eve'. 
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Progress in Production and Use of 
Light Alloys 


By C. C. Hodgson. 


The weight of the light alloys, or their strength-weight ratio, is @ controlling 


factor in most of their applications. 


To function successfully in many 


applications they must either resist the corrosive action of salt water and 
atmospheres or admit of treatment which wiil resist these conditions. In this 
article developments are discussed which lead to increased application. 


HE continued interest in the use and development of 

I light alloys is portrayed by the numbers of new 

patents, standards or specifications which have 
appeared during the past 12 or 18 months. Whilst it is 
probable that results are being obtained from existing 
alloys which are equal, or even superior, to those to be 
expected from some of the suggested alloys, others should 
have a useful sphere of application. Of the alloys which 
have found their way into the list of materials covered by 
standards or specifications the majority have, naturally, 
already established themselves in practice, but their 
official recognition is an indication that they have technical 
or commercial advantages which justify their use. 

During the past year there do not seem to have appeared 
any light alloys which can be considered definitely as 
departures from existing practice or knowledge. It is true 
that a number of new alloys have been announced, but 
these may be regarded as changes in some existing general 
type of alloy, suggested either by a desire to obtain the 
benefit of some property which the parent alloys lacked, 
or for commercial reasons. 

Since the introduction some years ago of the original 
“R.R.” group of alloys, probably the most important 
development amongst the light alloys having aluminium 
for their base has been the increasing application of 
aluminium alloys containing varying amounts of mag- 
nesium. The resistance to corrosion which they exhibit 
is superior to that of any other type of light alloy, and in 
the wrought condition the stronger members of the series 
have a maximum tensile strength not greatly inferior to 
that of Duralumin and this value can be improved by cold 
working for components where such treatment is possible 
or permissible. The materials known as “ Birmabright,” 
D2, M.G.7 and R.R.66, are examples of this type of alloy 
in use in this country. 

Whilst the ‘‘ Elektron ’’ magnesium alloys cannot be 
claimed as new materials their use is extending rapidly 
where the maximum saving in weight is desired. According 
to information received from Mr. E. Player, the consump- 
tion of magnesium “ Elektron ’’ metal in this country 
during the last five years is as follows :— 


360 tons 
420 tons 
ees 290 tons 
720 tons 
ROSS te Cob. BB. 980 tons 


It is suggested that the corrosion resisting alloys of 
alu \intum containing magnesium and the rapid growth 
in | 1c use of alloys consisting mainly of magnesium may 
be : garded as the two outstanding factors in recent light 
all» development. 


Casting Alloys. 


le bulk of the aluminium alloy ingot supplied for 
fou \ry work is still made up of the older standard alloys 
suc. as L.5, L.8 and L.11, or well tried private specifications 
issu. | by certain large makers or users. There has, however, 
bec _a considerable increase in the use of aluminium silicon 
all 5 for applications where a good resistance to corrosion 
SL ‘icated, notably in marine construction, where latterly 
the roblem of weight reduction has become of importance. 

‘Lc standard alloys of aluminium with copper or copper 


and zinc, are no longer used to any great extent in aero 
construction, their places having been aken by the newert 
and stronger alumivium alloys such as R.R.50 and R.R.53, 
or by the much lighter magnesium base alloy “ Elektron.” 
‘“‘ Elektron” metal has to a very large extent replaced 
aluminium alloys in commercial vehicle construction for 
such parts as crank cases and gear boxes, with a saving in 
weight of from 30°, to 40%. The alloys generally used 
are: for sand castings, ‘‘ Elektron ”’ A.Z.G. containing in 
addition to magnesium approximately, aluminium 6°%,, 
zine 3-5°%, manganese 0-3°%,; for gravity die castings, 
“ Elektron” V.1, containing about 10°, of aluminium. 

For cast pistons ‘ Y”’ alloy retains its popularity for 
highly stressed parts, but the older alloy L.8 has been large- 
ly replaced by an aluminium copper alloy containing about 
10° of copper with additions of iron and magnesium. 
The alloys known as 8.M.101,” “ Birmalight and No, 
122” are of this type. The alloys cast well in gravity dies 
and are capable of developing a high degree of hardness 
after suitable heat treatment. The alloy “ R.R.53”’ has 
given very satisfactory results for cast pistons, its good 
strength properties at elevated temperatures rendering it 
particularly suitable for such work. 

The silicon aluminium alloys have been re-introduced 
for piston work. Silicon alloys for pistons are attractive 
because of their low thermal expansion, difficulties pre- 
viously experienced with the binary alloys have been 
overcome through the addition of varying amounts of one 
or more of the elements copper, nickel, magnesium or 
chromium. Alloys of this type are *‘ $.M.116”’ and “ Lo-— 
Ex.” 

From the modified silicon aluminium alloy “ Alpax’ 
has been developed a heat treatable alloy. In the cast 
state it is known as ‘‘ Alpax Alpha,’’ and when heat treated 
as “ Beta” and “ Gamma” according to the heat treat- 
ment applied. For some time “ Silumin’’ (‘‘ Alpax ”’) 
having improved proof stress and fatigue value has been 
used on the Continent, the excellent corrosion resistance 
of the alloy was however, impaired to some extent by the 
additions made. In this instance the improvement has 
been brought about through the addition of small amounts 
of magnesium and manganese and the excellent foundry 
properties and corrosion resistance of the original alloy 
are stated not to be affected. Naturally the new alloy 
sacrifices one of the outstanding characteristics of pure 
“ Alpax ”’ namely its high ductility, on the other hand it 
is possible in ‘‘ Alpax Gamma ”’ to treble the proof stress of 
the original Alpax.”’ 

Another modification of an existing alloy is ‘“‘ R.R.53B.” 
This has most of the good properties of ‘“‘ R.R.53”’ and at 
the same time possesses slightly greater ductility. It is 
not intended that it should be used in place of the original 
alloy for high temperature work. 

The Ceralumin ”’ alloys—designated as “C”’ or “ D”’ 
according to treatment—are, like the ‘“ R.R.” group, 
complex alloys of aluminium containing nickel, copper, 
silicon, and magnesium, but with the titanium of the latter 
group replaced by cerium. 

Wrought Alloys. 

Of the newer high strength aluminium alloys “ R.R.56” 

continues to find new uses particularly for work where 
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considerable mechanical deformation must be taken during 
hot working. In this rescpets ome of the aluminium silicon 
magnesium alloys offer even greater advantages if it be 
permissible to sacrifice some strength: a typical alloy of 
this group is ‘‘ Duralumin H.” Strength at high tempera- 
tures is best attained by the use of “ Y ”’ alloy or “ R.R.59”’ 
and both of these are used to a considerable extent for the 
manufacture of forged pistons, 

Amongst the wrought alloys which do not depend on 
heat treatment to develop their maximum mechanical 
properties the aluminium alloys containing magnesium 
as the principal alloying element are being increasingly 
used, particularly in marine costruction and architecture 
for which their excellent resistance to corrosion renders 
them particularly suitable: examples of this type of alloy 
are Birmabright,” D.2,” ‘M.G.7"" and “ R.R.56.” 

For constructional work where the maximum saving in 
weight is desired wrought aluminium is already to some 
extent being replaced by wrought “ Elektron "’ alloys and 
there can be little doubt that this trend will continue where 
questions of first cost are not of vital importance. 

Of the wrought alloys used in the form of sheet the most 
popular is still, probably, the aluminium alloy with manga- 
nese. There is a tendency to use increasing quantities of 
aluminium silicon alloy, particularly for marine work or 
where the facility with which such material can be welded 
isofimportance. For construction where the best resistance 
to corrosion is required aluminium magnesium sheets are. 
increasingly important, whilst for maximum weight 
reduction magnesium base alloys are used. 


Heat Treatment. 


The advantages accruing from the use of heat treatment 
for cast alloys of aluminium is being increasingly realised 
and the field for this type of work extended. This is 
particularly true of the simple precipitation treatment 
applicable to those alloys which, by reason of their con- 
taining constituents more soluble at high than at low 
temperatures, are in an unstable condition in the “ as 
cast '’ state. For such alloys heating for the appropriate 
length of time within the temperature range 150°—200° C. 
generally causes a very considerable increase in the proof 
stress, a smaller though definite increase in the ultimate 
stress and some loss of ductility. Care should be exercised 
before applying such treatment to alloys which in the 
‘as cast " state possess only a small percentage of elonga- 
tion lest the hardening which results causes them to 
become unduly brittle. 


Mechanical Properties. 

R. L. Templin' has directed attention to the desirability 
of basing fatigue strength determinations on a sufficiently 
large number of reversals. The same worker has published 
results based on 500 million stress cycles, which show for 
the stronger alloys Endurance Limit /Ultimate Tensile 
Strength ratios falling between 0-20 and 0-29 with an 
average value of abgut 0-26, which is considerably less 
than that of 0-37, suggested by Dr. L. Aitchison.? 

It has recently been the practice to use pickling as an 
aid in the detection of fatigue cracks during the periodical 
examination of highly stressed components made from 
aluminium alloys. H. Sutton and W. J. Taylor? working 
with duralumin, have shown that serious lowering of the 
fatigue limit may follow such treatment. 

The misleading nature of deductions based on loss of 
weight determinations when assessing the relative corroda- 
bilities of aluminium ealloys is now generally acceded. 
During the last few years it has become more general to 
use the method where the change in mechanical properties 
after exposure is used to measure the liability to attack. 
Such tests are usually made on material in sheet form. 
FE. H. Dix, Jun.* has reported the results of corrosion tests 
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on full size structural shapes of Duralumin. These indicated 
that corrosion is “ self stopping” and that tests on thin 
sheet are misleading if applied to heavier structural sections 
On sections of 0-2 in. and more the effect of corrosion on 
the mechanical properties of Duralumin is stated to be 
negligible. 


Applications, 


The chief application of light alloys is in transport and 
there is no doubt that their use would extend far more 
rapidly were it not for the relatively high cost of such 
materials. Where weight saving is of primary importance 
such materials have been selected regardless of cost ; 
some of the high speed lightweight trains driven by in- 
ternal combustion engines are interesting examples. This 
principle is being carried still further, as has already been 
indicated, by the substitution of magnesium alloys for 
those of aluminium, the De Havilland ‘‘ Comets ”’ used in 
the England—Australia race made considerable use of 
magnesium alloys both for castings and wrought parts as 
well as in sheet form. An interesting example of weight 
saving of rather a different kind is the Smithfield Bridge, 
Pittsburgh, the old steel and wooden floor of which has 
been replaced by aluminium alloy, a total of 340 tons being 
used for this and other parts of the bridge. The dead 
load has been reduced by more than one ton per lineal foot, 
and the estimated useful life of the bridge extended by 
25, years. 

Connecting rods of some of the forged light alloys may 
be run directly against hardened crank pins without the use 
of separate liners, and at least one modern light alloy using 
this construction, or in the form of separate shells in steel 
rods, has proved conspicuously successful in eliminating 
trouble due to the fatigue cracking of white metal bearings 
in high speed compression ignition engines. High strength 
aluminium alloy castings are being used for the cylinder 
heads of similar engines, and for aircraft some very fine 
examples of air cooled cylinder heads are being produced 
in the same alloy. 


The advantage to be gained from the use of aluminium 
alloys for rapidly moving parts of internal combustion 
engines has long been realised, and it may be of interest 
to note that strong aluminium alloys have satisfactorily 
fulfilled many applications in the textile machinery trade, 
the packing and wrapping trade and for high speed knitting 
machinery. 

Considerable experience has been accumulated with 
sea-going craft built almost entirely of corrosion resisting 
aluminium alloys, boats up to 65 feet in length having 
been constructed, and it is safe to predict that this will be 
a growing field for the use of such alloys. Allied applica- 
tions are to be found in the construction of apparatus for 
use in chemical industries, and for exterior parts for the 
building trade. 


A new type cold strip mill of Swedish design has been 
developed for rolling stainless and high-carbon steels to 
thin gauges, including ribbon strip. The unit essentially 
is a three-high mill, reduction being effected between the 
lower and middle rolls. The rolling pressure is transmitted 
directly to and absorbed as internal stress in two large 
rings contacting the necks of the large rolls. These rings, 
of hardened alloy steel, are suspended on the necks of the 
top and bottom rolls so that they are free to rotate with 
the rolls. The rolls are kept in their correct position by 
light roller bearings mounted on the extension of the roll 
necks, with the chocks located in the windows of a light 
cast-iron frame. The lower roll being connected with the 
drive, sets the rings as well as the top and middle rolls in 
rotation by virtue of the frictional force produced by the 
initial pressure. The design thus provides for positive 
drive of all rolls with only one roll coupled, rendering the 
pinion stand superfluous. 
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Alloy Iron Castings 


Cast iron, on account of its cheapness and the ease with which it can be cast, still holds its own as 

one of the basic materials of engineering construction. This is largely due to the fact that its 

relative weakness and deficiencies in certain mechanical qualities, may to-day be overcome by 

means of suitable alloy additions. In this article some developments in the production of alloy 
iron castings are reviewed, 


iron has been broadened by the introduction of new 
types of compositions containing various proportions 
of alloy additions, which, like corresponding steels, show 
many remarkable properties of value to the engineer. 
Striking improvements in soundness, uniformity of strength 
and structure as between thick and thin sections, and as 
between the centre and edge of thick sections and increased 
strengths have been obtained by the use of alloy additions 
to cast iron, particularly nickel, chromium and molybdenum 
in small quantities. The irons under these conditions 
remain pearlitic. The compositions are balanced, modifica- 
tions being made to the basic composition to suit the 
additions. 
The use of one or two per cent. of nickel in suitable 
good-quality iron as a simple and effective means of im- 
proving the properties and the service of castings is now 


D ‘ivi recent years the field of usefulness of cast 


TAP ¢ 


High silicon irons have long been used for acid-resisting 
purposes. This material is extraordinarily resistant to 
many acids, alkalis and salts, being perhaps the best all- 
round acid-resisting ferrous material, but it suffers from 
brittleness, and it is a very difficult material to cast sound. 
The best resistance is offered when the silicon content is 
between 13 and 17%. The castings are usually subjected 
to a low-temperature heat-treatment before use. Because 
of the difficulties in working these irons, many attempts have 
been made to improve them, but without marked success. 
Rapid progress, however, has been made in acid-resisting 
cast irons by the introduction of nickel-bearing austenitic 
cast irons, such as Niresist and Nicrosilal. 

These alloys offer great advantages, in that they can be 
made extremely soft. They are easily machinable, and 
take a high finish, but are stronger and tougher than the 
grey iron, and harden under cold work. These alloys are 

heat-resistant and non- 


2 3 4 5 ‘ magnetic, as well as cor- 
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rosion resistant. Niresist 
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contains approximately 
x a 14% nickel, 6% chro- 


mium, and 5% copper. 


Nicrosilal is a develop- 


x vesr ment of Silal heat-resist- 
6 ing cast iron containing 
a 4 to 6%, silicon, and it 


contains about 6% 


silicon, 18% nickel and 
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NICKEL 


composition of the iron, 
* apart from silicon and 


+ x t%sr 2% chromium. The 
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special alloy additions, 
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depends upon the par- 


tr ticular application; 
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generally speaking, how- 
* ever, alloy cast irons are 
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usually only for high- 


DISPERSION OF NICKEL 1N CUPOLA. 
Fig. |.-Tests showing the grinding of two types 
of metal in the cupola. 


fairly well known. With controlled silicon content, irons 
with nickel additions are improved, not only in strength 
and liardness, but also in all properties which depend upon 
density and uniformity of structure, such as wearing 
quality, heat-resistance, corrosion resistance and fineness 
of finish. When it is not possible to reduce the silicon 
cont nt, chromium may be added in addition to the nickel, 
the : :romium serving to harden the iron. The nickel and 
chro ium additions are generally made in the ratio of two 
anc . half or three parts of nickel to one of chromium. 


1. addition of molybdenum to cast iron has grown in 
ar tively short time from a metallurgical curiosity to a 
com ereial application of large and still growing pro- 
por’ ns. Molybdenum additions increase the tensile and 
tra: erse strengths —usually increasing the deflection at 
the ue time —thus it toughens the iron. It may be used 
alo: as in the case of nickel, or in conjunction with nickel, 
anc vith or without chromium. 


DISPERSION OF NICKEL IN CUPOLA. 

Fig. 2.—Test results showing that refined irons 
in the charge were more reliable. 


quality applications, and 
a good grade of base iron 
should be employed. 
Phosphorus and sulphur 
should be kept low—- 
below 0-5 and 0-12%, respectively—while carbon should 
be controlled with the silicon, and manganese generally 
kept on the high side. 


Nickel and Chromium Cast Irons. 


The most common alloying elements are nickel and 
chromium, and used together, in quantities insufficient to 
change the structure of the iron from its usual ferritic or 
pearlitic conditions, they are very useful in producing fine 
grain, uniformity of high hardness, good wearing properties 
and strength. They may be used separately to produce 
graphitising or chilling effects, respectively. Mr. P. A. 
Russell, who recently discussed some of his experiences 
with these alloy cast irons before a joint meeting of the 
London and East Midland Branches of the Institute of 
British Foundrymen states that the first essential to the 
production of alloy cast irons is a good base iron. The 
question of introducing the alloys is not less important. 
‘The available methods include : Ladle addition ; additions 
of alloys to the cupola charge in a concentrated form ; and 
the use of pig-iron containing the necessary amount of 
alloys. 
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Ladle additions have the great attraction of certainty, 
but the disadvantage of cooling the liquid metal. The use 
of concentrated alloys is to be avoided wherever possible, 
and the remelting of iron to give the required compositoin 
is the best way, providing that the quantity required is 
sufficient and the expense of preparing or buying the 
material is warranted. Very satisfactory results can be 
obtained by using ladle additions. The metal tapped 
should have a high temperature and the alloys should be 
introduced in as concentrated a form as possible. Mr. 
Russell uses the standard “ F ” nickel shot and 70% ferro- 
chrome (4 to 6%, C.) powdered to pass a 40-mesh sieve. 

It is preferable to introduce as much of the alloys as 
possible into the cupola charge by means of remelted 
runner heads, ete. Thus the ladle additions are reduced 
to the amount necessary to alloy the new metal part of 
the charge and make up for chromium losses in remelting 
the runners. If chromium additions exceeding 0-5% 
are required, the best way is to use a chromium-bearing 
pig in the charge. 

When producing light castings and the quantity is in- 
sufficient to warrant a melt to themselves, sufficiently hot 
metal cannot be produced at the beginning of the melt to 
avoid a fair amount of discard. Thus it is necessary to 


Praperties. 


Typical Base Iron: 
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Irons containing about 3.5°, nickel after suitable he 
treatment are martensitic in structure. These irons 
be produced by ladle addition methods providing there 
at least 1°, of nickel in the metal tapped from the cupo 
Similar methods may be employed for iron that » 
martensitic as cast —i.e., irons containing 4 to 4-5 
nickel and about 1-5%, chromium, although a great 
percentage of nickel should be carried by the metal in t 
cupola to reduce the chilling effect of the alloy additions, 
With the austenitic cast irons of the Niresist type Mr. 
Russell uses both crucible and cupola methods of melting, 
In the latter method he considers it essential to devote the 
whole of a cupola melt exclusively to the production of 
this iron. This cupola should be thoroughly well pre. 
heated, and oxidising plant conditions avoided. ‘The 
charge is made up of a suitable base iron, together with 
nickel-copper-chromium pig. Remeit up to 50% of the 
charge may be carried. Low carbon base iron is not neces- 
sary, and no steel is required in the charge. If chromium 
above the amount given by the N.C.C. pig is required, 
then a chromium bearing pig should be used, and ladle 
additions avoided. 

Silicon and manganese losses are rather heavy in these 
irons —about 15°,—and sulphur gains are considerable, 
Chromium losses 
are also consider- 
able and vary 


3.25% Total Carbon, .70% Manganese. 


Tensile Strength. 


Transverse Loud. 


Deflection. 


5 
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Brinell Rardress. 


Tensile Strength #/Sq.In. 


Transverse Load in Lbs. BSrirell Hardness. 


with the concen- 
tration of chro- 
mium in_ the 
charge, high con- 
centrations giv- 
ing high losses. 
Nickel and 
copper losses 
should not occur, 
but under bad 
melting con- 


Fig. 3. Showing how small additions of 
Molybdenum improve the physical 
properties of ordinary iron 


introduce the alloy charges after a certain amount of 
ordinary iron has been run through the furnace. Then 
the difficulty of the separation of the charges becomes 
acute, The complete separation of the charges in a cupola, 
without serious interruption of the melt, is impossible. 
With regard to ordinary irons, this is best overcome by 
the gradual up or down grading of the mixture. There is 
always an intermediate grade between two types, but 
with proper discretion, this can usually be dealt with. 
When alloy irons are used in which the whole or part of 
the alloy content is in the cupola charge, there is bound to 
be some of the alloy appearing in the preceding and succeed- 
ing taps of metal, with a consequent deficiency in the alloy 
taps. Fig. 1 makes this clear. In this instance large 
quantities of excess coke were used in an attempt to 
separate the metals, but was of little help. In this example, 
a quantity of ordinary iron was run first which was used to 
obtain general warming up of the furnace and ladles, and 
could be used for unimportant castings. Accurate timing 
and weighing of all metal tapped from the furnace was used 
to control this. The effect of an error in timing is shown in 
test two, where the metal was tapped too late, causing 
the nickel to be concentrated in the earlier taps. The 
nickel figures shown are irrespective of ladle additions. 
A charge of metal was introduced before and after the 
alloy charges, which was in the nature of a charge for 
producing refined iron, and this absorbed the wandering 
alloy. This refined iron was then used on the following 
day as part of the alloy iron change, its alloy content being 
neglected in the calculations, and the deficiency was 
replaced. The results of using this method is shown in 
Fig. 2. 


40,000 


Fig. 4.—Showing that Molybdenum additions improve 


ditions, some of 
the melted 
N.C. pig will 
freeze as it comes 


0,000 $,000 ise 


any basic iron. 


into contact with the cold air at the tuyeres, and so will 
never reach the well of the furnace. 


Molybdenum Cast Irons. 


It is with the low-alloy cast irons that applications are 
being developed most. ‘The small alloy additions improve 
the structure and facilitate the production of high-duty 
cast irons. Molybdenum, for instance, has proved itself 
an economical addition to good base irons. Some indication 
of the effect of this alloy in improving the tensile and 
transverse strengths—usually increasing the deflection at 
the same time is shown in Fig. 3. These were given by 
Mr. C. M. Loeb, Jr., before a recent meeting of the 
Connecticut Foundrymen’s Association. It is noteworthy 
that the addition of molybdenum, to any particular base 
iron, increases both the transverse strength and_ the 
deflection, as shown in Fig. 4. The increase in toughness 
is evident when this fact is considered. 

The effect of molybdenum on the microstructure of cast 
iron is shown in Figs. 5,6,7,and 8. The refining of graphite 
and sorbitisation of the matrix is evident. This improve- 
ment is not only produced in unalloyed irons, but also in irons 
alloyed with nickel or chromium, or both. When high 
physical properties are required, with not too much em- 
phasis on machining qualities, a chromium-molybdenum 
iron is the least expensive combination of alloys to produce 
desired results. When no improvement in machinability 
is necessary, but higher physical properties than the u- 
alloyed iron are required, a plain molybdenum iron |3 
advisable. Nickel, added to a molybdenum iron, with ° 
lowered silicon content to neutralise the graphitising act)» 
of nickel, will produce remarkably strong irons which «~¢ 
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Fig. 5—Ordinary iron, Fig 6—Molybdenum iron, 
unetched, x 100 unetched. x 100 


Showing the effect of Molybdenum on the structure of the iron. 


commercially machinable at hardnesses as high as 293 
Brinell. 

Molybdenum has a strong effect upon growth resistance 
and high-temperature strength in iron. Molybdenum grey 
iron machines better than an unalloyed iron of the same 
Brinell hardness. According to Mr. Loeb, this statement 
has been proved in many machine shops. 

It is stated that molybdenum iron wears better than 
unalloyed iron, partly because of the uniformity throughout 
the casting, and partly because of inherent toughness of 
the iron. Molybdenum also intensifies the action of other 
alloys in iron, and is often added to a chrome-nickel iron 
to improve its properties generally. 

This alloy has a strong tendency to produce a uniform 
iron throughout large sections, as shown in Fig. 9, and in 
widely-varying sections. 

The accompanying table shows the effect of molybdenum 
on three types of commercial iron. A brief summary of the 
commercial uses of molybdenum would include the follow- 
ing: Gears ; flywheels ; valves ; hot-water heaters : 
pulleys ; frames for machine tools, and other large frames ; 
cylinder liners ; roaster rabbles ; roaster arms ; lead pots ; 
slag pots ; dies ; cylinder blocks ; cylinder heads ; exhaust 
manifolds ; clutches ; brakedrums ; pistons ; rolls ; rod 
mill guides ; chills ; stoker parts ; bottle, and ingot moulds. 

Due to molybdenum’s effect in toughening carbides in 
white iron at the same time refining the grain and hardening 
the iron, this alloy iron is rapidly extending its application 
to parts subjected to excessive wear. White iron containing 
molybdenum is going into service where ordinary white iron 
has been too brittle even to instal the part. 

From 0-25 to 0-50% molybdenum is being used in 
chilled rolls for steel mills. Its effect is valuable in that it 
toughens the iron, causing it to retain its smooth surface 
longer between dressings, and also in its deep hardening 
effect whereby more re-dressings can be applied before 
scrapping the roll. 


Fig. 7—Ordinary iron Fig. 8—Molybdenum iron 
unetched. x 500. unetched. x 500 
The refining and sorbitization of the matrix is most marked. 


Consistent hardnesses of over 600 Brinell are obtainable 
on the chilled surface, with heretofore unapproachable 
toughness. Analysis can be varied to give a depth of chill 
of at least 10 in. to a }-in. chill with machinable grey iron 
within }-in. of the chilled surface. Fig. 8 shows the fracture 
of a chilled iron of this type. The development has been 
so recent that little thought has been given to the many 
possible applications, but a range from coffee mill burrs to 
steel mill rolls is easily included in its economic possibilities. 

EFFECT OF MOLYBDENUM ON THREE TYPES OF CAST TRON, 


Machinability 
Brinell Rating 
Hardness according 
No. to Type. 


‘Tensile 

Molyb- Strength, Transverse 

denum, Lb. Strength, 
%. per Sq. In, Lb. 


Good 
Very good 
Good 
Very good 


3,500 


4,400 


Cylinderiron . . | 29,000 
| 38 000 


3,300 
4,700 


28,000 
41,000 


Piston iron.... - | 


Die iron 


40,000 
56,000 


4,800 
6,400 


Molybdenum is easily added in the spout or ladle in the 
form of ferro-molybdenum, the alloy going readily into 
solution in the iron. The percentage added is relatively 
small, thus the chilling effect is reduced and it is possible 
to use the same base iron and to vary its properties for 


Separately Cast Bar 


12470 Ib. 


13070 Ib 0.290 in. 


0.330 in 
Silicon 
Sulphur 
Manganese 
Phosphorus 
Molybdenum 
Vanadium 
Nickel 
Chromium 


Tensile - 36600 


12625 Ib 12020 Ib BHN.-205 


0.326in 


12730 Ib 


Tensile - 39000 
BHN-207 


0295in 


12710 Ib 
Load and Deflection of Bars 
Milled from in. Diameter 

220 in. Bars - 24in. Span 
Fig. 9—The effect of Molybdenum in producing uniform iron 
throughout large sections. 


different work by the addition of proper amounts of molyb- 
denum with nickel or chromium when necessary. Many 
prefer to use molybdenum pig to make up the required 
charge. 

The low-alloy cast irons referred to in this article are 
doing much to revolutionise the iron foundry industry. 
They have enabled the production of castings which, from 
practically every standpoint, are superior to unalloyed 
irons. Unfortunately, designers in general continue to 
use formule which have no relation to the developments 
made. It should be realised by engineers and designers 
that high-grade alloy iron castings possessing high physical 
properties can now be produced with remarkable regularity, 
and the properties desired most can be intensified. 

In conclusion, the author thanks Mr. P. A. Russell and 
Mr. C. M. Loeb, Jr., for permission to publish extracts 
from their papers, and for illustrations reproduced. 


Steel Plates for China. 


The Chinese Government Purchasing Commission (London) 
it is understood has placed an order with the British Steel 
Export Association for about 8,800 tons of steel plates and 
sections for bridges required by the Ministry of Railways, 
Nanking. This order, which has been distributed among 
British steel manufacturers, is one of a number which has 
been given during recent years in conformity with the agree- 
ment to expend about £3,000,000 of the British Boxer 
indemnity on the purchase of railway and engineering material 
in Great Britain. 
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Reviews of Current Literature. 


Manufacture of Seamless Tubes. 

Tus volume, which deals comprehensively with the 
manufacture of seamless tubes in ferrous and non-ferrous 
metals, indicates the developments made in this branch of 
industry during comparatively recent years. To-day the 
manufacture of seamless tubes is rightly regarded as a 
specialised industry, although many ancillary operations 
involved are similar to corresponding operations in other 
branches of industry, because it embraces so many intricate 
processes that success in manufacture is only achieved by 
concentration on developments in machines specially 
designed for this trade and on the technique applied in 
obtaining a reliable product. The author has presented 
practical data in such a way that it cannot fail to be both 
interesting and informative not only to those engaged in 
the tube trade, but to all who contemplate association with 
tube manufacture. The broad principles governing this 
intricate art are described in a thoroughly authoritative 
manner yet they are presented in such a way that the 
beginner can readily grasp their significance. 

The subject is presented in two main sections dealing 
with ferrous and non-ferrous tubes respectively, but not 
the least interesting is the introductory chapter in which 
the evolution of seamless tubes is discussed and patents 
and developments described. From this introductory 
information it is noted that the rotary piercing of solid 
billets to form cylindrical shells was first invented by the 
brothers Max and Reinhard Mannesmann, of Dusseldorf 
and Remecheid, Germany ; shortly afterwards however, 
the Stiefel dise-piercing machine was developed in the 
United States of America, while more recently the author 
has developed a rotary piercing machine possessing many 
advantages. In the first section piercing, rolling, reducing 
and hot drawing processes are discussed ; the finishing 
of tubes is also described together with a short discussion 
on reheating furnaces for billets and tubes. It is note- 
worthy that modern developments in the application of 
stainless steel indicate that it is become a serious rival to 
non-ferrous metals for condenser, locomotive and other 
steam tubes. In Britain several methods of working this 
material are employed, while in Sweden the advance is 
even more marked and large quantities of hollow shells 
and finished tubes in stainless steel are exported to other 
countries. 

Scientific and technical metallurgical progress has been 
made with non-ferrous metals and alloys during recent 
years, and while this has been applied in the manufacture 
of tubes, there has been a tendency to neglect the practical 
and engineering aspects of the trade. In the second section 
therefore, the author treats on the design and mechanical 
peculiarities of the various processes involved in the 
menufacture of non-ferrous tubes and the machinery 
associated with their production, but makes only brief 
references to the chemical and physical properties of 
materials used. In this seetion, separate chapters discuss 
the refinery or foundry for casting copper billets ; piercing 
of non-ferrous metals by rotary and extrusion methods ; 
reheating furnaces ; the brass shell casting foundry; the 
cold drawing process ; and annealing and pickling ; while 
the three final chapters are concerned with the warehouse 
stocktaking and general organisation. 

The book is not very iarge, apparently quality of text 
has been aimed at rather shan quantity. It is certainly full 
of information that is definitely practical, and it should 
prove of immense value to all concerned in the various 
operations of tube manufacture. The author is essentially 
practical and he possesses the faculty of conveying the 
results of his wide experience in the tube trade in a con- 
vineing manner. We know of no other treatise concerned 
entirely with the manufacture of tubes and there is every 
likelihood that this work will be recognised as a standard 
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practical text book on the subject. It is well printed ind 
excellently illustrated, and is a credit to both author ind 

publisher. 
By Gripert Evans and published by Messrs. H. F. ind 
G. Wirnersy, 326, High Holborn, London, W. . 


. 


Dechema Monograph. 


THE sixth volume of the ‘“ Dechema-Monographs ”’ s. ries 
has just been published, and contains the lectures deliv ered 
at the conference of the German Society of Chemical 
Engineers, held at Wuerzburg in 1933. These lectures deal 
with scientific developments, which, in their application 
to chemical engineering, afford the practical designer and 
user of chemical plant with essential working data. 

In this volume Professor W. J. Miiller proposes a classifi 
cation of chemical reactions according to the state of aggre. 
gation of the substances involved, which is important 
from an educational point of view, and interesting to the 
practical man in so far as he is able to grasp the comparable 
points. Professor Kirschbaum gave a report on experiments 
for the determination of plate efficiency of rectifying 
columns, and Dipl. Ing. Mach reported on experiments made 
to determine the pressure drop in packed rectifying columns. 
Both these subjects are of special interest to designers of 
distillation plants, who have hitherto been dependent 
upon imperical data, which could not be properly correlated 
and applied to new problems in a satisfactory manner. 

Dipl. Ing. Reisemann deals with the progress of the 
“Carbon Adsorption Process of Solvent Recovery.” 
Dr. K. Roesch considers ** High Chromium Cast Alloys,” 
and the remaining articles include “ Fused Silica Products,” 
by Dr. Th. Frantz ; ** Magnetic-acoustic Testing of Welds,” 
by Dr. Pfaffenberger; and “ X-ray Investigation of 
Structures by means of the Mikro-Metallix-Apparatus. ” 
The volume is printed in German and contains eight lectures 
delivered at the conference, with nine tables and 98 
illustrations accompanying the text. 

Published by the Dechema, Deutsche Gesellschaft fiir 
ckemisches Apparatewesen E.V., Berlin. Price, RM 5.— 
(for members, RM 4—). 


Minerals Year Book for 1934. 


In announcing publication of the “‘ Minerals Year-book for 
1934,” the United States Bureau of Mines, Department of 
the Interior, has released the second volume in a new series 
that carries forward statistical information and economic 
discussions of mining formerly printed in other publications, 
including Mineral Resources of the United States, which 
were issued annually for half a century. The year-book 
contains 72 chapters and nearly 1,200 pages, with 
numerous tables, charts, and graphs interpreting economic 
trends and a complete index. A chapter on helium appears 
for the first time, and the discussions of gem minerals and 
of technical aspects of the mineral-fuels industries are 
expanded. The reviews of metal mining in the various 
States are more complete than in the preceding year. 
Certain developments under the National Recovery 
Administration are noted in the commodity discussions. 

The “ Minerals Year-book, 1934,” is distributed by the 
Superintendent of Documents, Government Printing Offic, 
Washington, D.C., at a price of $1+75. Orders should be 
sent directly to the Superintendent of Documents, and not 
to the Bureau of Mines. 


A useful and well-prepared booklet has been received from 
Birmabright, Ltd. which is a new issue of a publication 
previously prepared by this company. It has been enlarged 
and deals with the physical characteristics of Birma bright 
aluminium alloy, its general manufacturing properties, anodic 
oxidation treatment, cleaning and preservation of surfaces 
application of paints, lacquers, ete., and includes AirM nistry 
specifications. This booklet is worthy of perusal, and int: rest 
readers should apply for a copy to Birmabright Ltd., Dart- 
mouth Road, Smethwick, near Birmingham. 


. 
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Progress in the Production of 
Quality Steel 


By a Special Correspondent. 


Quality in its application to steels is a relative term, and may be applied irrespective of their 

grade. In this article is described a method of making and inspecting, in carefully supervised 

units, special steels which are claimed to be as nearly perfect as the present state of steel 
making technique will allow. 


HE term quality is frequently applied to steels 
| irrespective of their grade. It is, however, essentially 
a relative term, and should only be applied when 
the steel is to be used for purposes for which it is intended. 
It is well known that specifications vary considerably, 
each being designed to meet a certain specified field ; and 
even what might be termed the commoner grades of steel 
may be termed quality steels, providing they satisfy 
requirements in their particular sphere. The trend in 
modern manufacture is towards improved quality in each 
grade, particularly is this true of those steels upon which 
much forging work is necessary, and which are required 
to pass very stringent tests. Such steels are invariably 
expected to satisfy these tests after forging and heat- 
treatment, and, as the operations involve much costly 
work, it is important that the quality of the steels is of a 
high order. It is for this reason that high-grade steels are 
produced which have superior mechanical properties, and 
are capable of giving greater reliability and service. 

It is recognised that improved quality is one of the 
primary factors in satisfying the needs of modern engineer- 
ing, and there is an increasing demand for high-grade steels 
as distinct from the normal mass-produced steels. Obviously 
the maker of really high-grade engineering products must 
welcome any improvement in the properties of the steels 
available for his use. If steels can be made to give increased 
shock and fatigue resistance, with maximum strength and 
reliability, it seems that engineers whose manufactures are 
of very high repute would be prepared to pay a sub- 
stantially higher price for them. 

It is gradually being appreciated that the price of the 
raw material in such cases is a fraction only of the cost of 
the finished part ; in such a component, for instance, as 
an aeroplane crankshaft, the cost of work put on the part 
many times exceeds the cost of the steel as raw material. 
In the course of the rigid inspection of machined parts, 
which such firms rightly insist upon at every stage of 
manufacture, there is a proportion of rejections, due to 
slight faults occasionally found in even the best com- 
mercially available steels. A reduction in the number of 
these rejections, small though they now are, would be 
appreciated at its true saving of time and money ; if at 
the same time an increased margin of safety in the finished 
part is achieved, there is at once a case for the employment 
of such specially produced steels, providing their manu- 
facture can afford some real assurance on these points. 

\t is in this direction that steel manufacturers have been 
de. oting much attention and developments in existing 
plent, the installation of new and improved plant, and 
improved technique in manufacture have contributed to 
such an extent that to-day the term quality, in its applica- 
tio: to high-grade steels, is given a new conception in 
co!.parison with that which it held a few years ago, and 
sp-cial steels are now available which approach very 
ne rly to perfection. In many instances, of course, while 
qu ‘ity is of first importance, it will be appreciated that 
ec: 1omy in production has some significance ; but when 
th question of raw material costs is relatively of little 
im ortance, and the quality of the finished article is the 
“ | factor, the best available plant can be used in manu- 
ac ure, 


High-Frequency Electric Steels. 

The high-frequency electric furnace as a melting unit 
is now universally accepted. It provides a cleaner method 
of making steels, and there is no contamination by carbon 
or sulphur. The plant also provides a means of obtaining 
complete control of analysis and temperature. Although 
the value of the high-frequency furnace as a melting unit 
is established, its usefulness for refining is only now 
becoming recognised. It has been proved, quite definitely, 
that carbon, manganese, silicon, sulphur, and phosphorus 
can be removed if desired. An even more important aspect 
is that of quality refining; this has particular reference 
to the control of the content of dissolved iron oxide, of 
dissolved gases, and of the factors which are controlled by 
accurate temperature control prior to casting. 

In steel making refining reactions usually take place 
through the medium of a covering slag, and the speed of 
reaction depends upon the intimacy of contact between 
slag and metal. In the open-hearth and electric are furnaces 
the layer of slag covers the metal with comparatively poor 
facilities for intimate contact. In the high-frequency 
furnace, by virtue of a pronounced stirring action introduced 
into the molten metal, the essential contact is facilitated. 

Experiments in slags have shown that suitable slags can 
be devised which permit of carrying out the desired refining 
reactions at the somewhat lower slag temperatures found 
in this type of furnace. This, in conjunction with the many 
other advantages which the high-frequency method of 
melting possesses, enables the plant to manufacture special 
and alloy steels of super quality, especially for highly 
stressed parts and heavy duties. 

During recent years the high-frequency electric furnace 
has been developed rapidly. In small sizes it is universally 
accepted as a melting unit, and installations are gradually 
increasing in their capacity in order that they may be 
applied more successfully to meet the demand for special 
steels. A notable example of this is the installation at the 
Stocksbridge works of Samuel Fox and Co., Ltd. Some 
years ago a very small plant, consisting of a 20-lb. furnace, 
was installed in the research laboratories of this Company. 
It proved invaluable in the production of small quantities 
of special steels for research purposes, the steel having all 
the characteristics of steel produced in larger units. This 
small furnace has also proved a valuable asset for researches 
into slags, linings, and finishing alloys, and has provided 
valuable data upon which to predict the performance of 
commercial plant. Three or four years ago a 600-lb. 
capacity furnace was installed, and this was soon followed 
by a 12-cwt. furnace. 

Laboratory investigations, confirmed by the results of 
experience on this commercial-sized unit of two furnaces, 
led Dr. Swinden, Director of Research of United Steel 
Companies, Ltd., to recommend the complete exploitation 
of this remarkable furnace, with the result that Stocksbridge 
works now possess the largest and most modern high- 
frequency steel-making plant in the world, including a 
furnace of 5 tons capacity. 

The plant is laid out for the production of a substantial 
output of steels of the alloy type used in high-grade 
engineering, such steels as are used for aircraft and auto- 
mobiles, ball and roller bearings, steeis for arduous duties 
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(such as plastics dies), steels for hardening by the nitrogen 
process, highly alloyed steels for the electrical industry 
(magnet steels, etc.), special welding rods, heat-resisting 
and valve steels, and stainless steels of special character. 

The ultimate factor in the success of this plant will be 
the quality of steel produced. By ‘ quality” is meant 
the regularity of analysis and mechanical properties, 
together with remarkable freedom from non-metallic 
inclusions, and the reliability which goes with production 
in small, carefully supervised units, and the manipulation 
of comparatively small ingots into the desired form. 


Code of Inspection. 


In addition to installing the high-frequency electric 
plant, it was felt that some drastic system of inspection 
within the manufacturer's works would avoid any possibility 
of material which is less than perfect passing into a 
customer's hands. This combined objection— an improved 
process of manufacture, plus a rigid system of inspection— 
is the basis of a new brand of steels known as “ Diamet ” 
steels, produced at the Stocksbridge works. This term is 
derived from the expression, ‘‘ Dise inspected and metal- 
lurgically examined and tested.” This code of inspection 
is based, in some degree, upon the A.I.D. system of 
inspection developed by the Aeronautical Inspection 
Department, but in many particulars, and especially in 
the system of ‘ disc’ inspection, it is claimed to exceed it. 

In operating this code a portion of the ingot stockyard 
at the high-frequency plant is allocated to ‘ Diamet ” 
inspected steels; this is divided off and is exclusively 
allocated to Diamet inspected ingots, and a release 
system is in operation analogous to that in operation for 
A.L.D. materials. All ingots of this specially inspected 
steel are planed to remove surface scale, unless the product 
is to be rough-turned at a subsequent stage. Every ingot is 
weighed. Discards are taken top and bottom in strict 
accordance with instructions laid down in the specification 
for cach class of steel. The discard is stamped with the 
cast number, weighed, and recorded against each ingot. 
Standard instructions are issued regulating the size of billet 
rolled in relation to the size of ingot, and these must be 
strictly adhered to. 

A dise is cut, in the mill, immediately below the top 
discard of each ingot. This dise is submitted to the 
Research Department, for macro-examination. No 
material is released until the results of the examination 
prove that the ingot is free from pipe, segregation, and 
central looseness, and is in every way satisfactory in 
structure. A specimen is taken, immediately above the 
bottom discard, from the last ingot of every cast. This is 
submitted to the Research Department for micro-examina- 
tion to determine the detailed structure and _ positive 
freedom from non-metallic inclusions ; tensile and impact 
tests; dise fracture tests; and macro-examination for 
freedom from pipe, segregation, and central looseness, ete. 
No material is passed out until the Research Department’s 
release under this heading has been obtained. 

All billets are hot sawn and not sheared. Each is hot 
stamped with its cast number at the saws, and numbered 
according to its position in the ingot, from the bottom end 
upwards. A special enclosed portion of the finishing bank 
is allotted to the cooling and finishing of ‘* Diamet ” 
materials, the whole of which pass through the area. A 
competent staff of examiners is employed, and special 
care has been exercised in controlling the conditions under 
which they operate. All this special material is pickled 
prior to chipping, regardless of whether it has previously 
been rough-turned. After a minimum of chipping it is lightly 
re-pickled and re-examined before release. No material 
which has required severe chipping will be released. 
All material passed bears an identification stamp, it also 
bears its appropriate brand name or code number indicating 
its composition, and an official certificate accompanies each 
advice note for Diamet materials. 

This method of meeting the demands for high-grade 
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steels is an indication of the rapid strides being made { 
reduce the possibilities of error to a minimum, and { 
ensure that the customer can place reliance upon the ra 
material ; the object being to give him assurance tha‘ 
with the right grade of steel, the work subsequently entaile: 
at considerable cost, to produce parts necessary wi | 
respond to tests the conditions require and give tha 
degree of service desired. 
Correspondence 
Research on Electrodeposition of Metals. 
The Editor, METALLURGIA. 

Sir,—Research work of national importance on the 
electrodeposition of metals is threatened with curtailment 
and we are writing to appeal to industry for co-operation 
in maintaining this essential work. We have been privilegd 
to serve on the Committee appointed by the Department 
of Scientific and Industrial Research to direct the progress 
of researches on electrodeposition which have been carried 
out at the Research Department, Woolwich, the University 
of Sheffield, and the Royal Aircraft Establishment, Farn- 
borough, during the past eight years. 

The work includes electrodeposition of nickel and 
chromium, the protection from corrosion of aluminium 
and its alloys by the electrodeposition of zinc, cadmium, 
ete., and fundamental questions such as the occurrence of 
stress in deposits and the mechanism of adhesion. Many 
papers have been published, and the work accomplished 
has substantially increased our knowledge of the theory 
and practice of electrodeposition and led to important 
advances. It is however by no means completed, for many 
important problems in electrodeposition are still unsolved. 
The steady continuation of research on a_ substantial 
scale is necessary to ensure that technical progress in the 
electroplating industries in this country does not lag behind 
developments abroad. 

The cost of this work has been very considerable, and 
has up to this time been borne almost exclusively by the 
Exchequer. The Department now take the view that 
research of this kind, carried out for the benefit of industry, 
should be maintained by the branches of industry concerned. 
Consequently, the work can continue only if it is adequately 
supported by industry. We should greatly regret its 
suspension or curtailment since we believe it to have 
reached a stage at which further important practical 
results may be expected. Closing down would entail the 
dispersal of experienced staff having valuable specialised 
knowledge of the subject. 

It is now proposed that this work should be taken over 
entirely by the British Non-ferrous Metals Research 
Association. In this way Government support of the 
research would not cease, but would be dependent on the 
funds forthcoming from industry. 

The minimum expenditure necessary to continue this 
work is £1,000 per annum and it is hoped that sufficient 
funds will be provided for this purpose by those sections of 
the industry concerned with electrodeposition. The 
Association has made arrangements whereby the firms who 
subscribe to this work shall have preferential access to the 
results as they become available, together with other 
privileges of membership, and all those who are interested 
are asked to write to the Secretary, British Non-ferrous 
Metals Research Association, Regnart Buildings, Euston 
Street, London, N.W. 1, for further particulars. 

We hope that this appeal will meet with a ready response, 
and that the work which has begun so well will be con- 
tinued. —Yours, ete., 

W. R. Barcray, Consulting Metallurgist to the 
Mond Nickel Company, Ltd. 

R. 8S. Hurron, Goldsmiths’ Professor of Meta!- 
lurgy, Cambridge. 

H. Moore, Director of the British Non-ferrovs 
Metals Research Association. 
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Forging Certain Copper Alloys 


By E. Berthelman. 


Five forgeable copper alloys are discussed, and although they form a very small part of the 
copper alloys employed, they embrace those alloys which possess superior mechanical properties 
as well as good resistance to the action of acids, seawater, and to oxidation at elevated tempera- 


tures. 


The subject was presented at the Eighth Annual Meeting of the Mechanical Engineers 


, of Poland, and by courtesy of the author is translated in this article. 


was well known in ancient times, but it is practised 

on a small scale by comparison with iron and steel. 
Although forgeable copper alloys are being increasingly 
employed, their production is largely specialised. Manu- 
facturers must possesses well-equipped laboratories and 
highly efficient casting and forging departments; they 
must maintain constant scientific control in manufacture, 
and possess wide experience with these alloys. 

Much has been published in various countries on the 
forging of copper alloys, but, unfortunately, there has been 
a scarcity of practical data; certainly the author is not 
familar with any reliable work which gives detailed instruc- 
tions on manufacture. Each manufacturer is obliged to 
do his own research work 
and to gather his own ex- 
perience, and does not 
usually part with the 
results obtained. The 
data given in the follow- 
ing discussion are based 
on the practice of Messrs. 
Panstwowe Zaklady 
Inzynerji Fabryka Metal- 
urgicna, Warsaw, Poland, 
where the author is en- 
gaged. The alloys to be 
considered include a 
copper-tin alloy, three 
copper-aluminium alloys 
containing iron, nickel, 
and manganese, respec- 
tively, and a special cop- 
per-zine alloy containing 
aluminium and manga- 
nese. The discussion 
applies to the forging 
of bar. of maximum 
diameter of 150 mm., and 
to the production of 
stampings of a weight 
not exceeding 10 kilogs. 


each. 


T'= forging of copper alloys is not new, the practice 
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PERCENTAGE OF COPPEF 


Fig. 1.—Part of equilibrium dia- 
gram for Cu-Sn, according to 
Bauer Vollenbruck and Hansen. 


Tin Bronze. 


This alloy contains 4-5 to 6% tin. The equilibrium 
diagram of the copper-tin alloys shown in Fig. 1 needs no 
explanation. With the given content of tin the alloy is a 
solid solution, and of all alloys discussed in this article 
this copper-tin alloy is the most difficult to forge. This 
applies particularly to objects of large dimensions, such as, 
for instance, bars from 70 mm. diameter upwards. It can 
be ‘orged at all temperatures between ordinary room 
temperature and 850°C., but this operation is best 
rmed between 750°—800° C. Although this alloy has 
ductility, showing, in the forged state, some 15% 
ition, with a tensile strength of 45 kilogs./mm.*, it 
y sensitive to hammer blows, and only the best cast 
‘ial will permit the complete forging process success- 

The forgings, and particularly the last operations, 
to be conducted according to the special require- 
s of this work, because by combining hot and cold 


Fig. 3.—-Forged copper-tin bronze 
(5-2% Sn). crystals, broken 
up by forging. x 100, 


Fig. 2.—Chill-cast copper tin 
bronze (5:03% Sn). Large a 
crystals. x 100. 


forging different results may be obtained. This copper- 
tin alloy is not particularly suitable for forging, and is now 
mostly used in the rolled state ; the rolling process giving 
satisfactory results. The microstructure of this alloy is 
shown in Figs 2—5. 


Aluminium Bronze. 


Aluminium content, 9—11%; constituents other than 
aluminium according to kind of alloy ; Ni, 2-5%, Fe mazx., 
2%, Mn, 1%. Aluminium bronze may be forged or 
stamped at a wide range of temperatures from the cold 
state up to 1,000° C., but at temperatures below 700° C. it 
is only forged with difficulty, while above 950° C. it loses 
its good mechanical properties. The forging and stamping 
must be conducted according to requirements. When the 
mechanical properties are of little importance, and a dense 


smaller 
x 100. 


(Right) Fig. 5.—Forged copper-tin alloy (5-32% Sn). a crystals, 
broken up more finely than shown on microph. 2 and 3. x 100. 
Tensile strength R, = 45.3 kilogs./mm.. Elongation Ay = 14.3% 


Fig. 4.—Rolled copper-tin alioy (9%). crystals, 


than on microph, 2. 


(Left) 


Brinell hardness B = 160°. 
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structure is all that is required, the number of re-heatings 
may be limited to one, and the forgings or stampings may 
be put aside without paying any thought to their cooling. 
If, however, high-mechanical properties are required, the 
forging or stamping is much more difficult to produce 
because the range of heating and working temperatures is 
very narrow; actually, the number of heatings and the 
method of shaping from the cast billet to the finished sizes 
must be exactly defined, and the cooling conditions are very 
important—i.e., all of the working conditions must be 
maintained within close limits. The working temperature 
is governed by the aluminium content. The lower the 
aluminium content in the alloy the higher the working 
temperature, and vice versa. Thus the temperature will 
vary from 950°C. with an aluminium content of about 
9%, to approximately 750°C. with a content of 11% 
aluminium, 

For the forgers or stampers it seems best to divide the 
aluminium bronzes into two series, one having an aluminium 
content below 9-8°%, and the other with a content of 
aluminium above 9°8%. With an aluminium content in 
the neighbourhood of 9-8%, say 9-6—10%, the properties 
of the alloy lie between those of the two types mentioned. 
The reason of this division lies in the difficulties encountered 
in reaching the required mechanical properties, especially 
that of hardness. With some experience and exercising 

proper care an alloy 

“T having an aluminium 
content below 9-8%, 
(03/5 will, after forging and 
stamping, show results 
not differing widely 
from each other, 
whereas working an 
alloy with an alumi- 
nium content above 
9-8%, it is difficult to 


maintain the mechan- 
SQLUTIO, ical properties, parti- 


| 

ite cularly the hardness 
and elongation. The 
+ origin of the difficul- 
& ties will easily be un- 
derstood on examining 
that part of the equili- 
sazrd a brium diagram of the 
| copper-aluminium sys- 
| 


tem, Fig. 6, which is 
400 is 


of special interest in 
PERCENTAGE OF ALUMINIUM As will be noted, 
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the range of alloys dis- 
cussed. 

with an aluminium 
content below 9-8%, 
the alloy consists of a 
solid solution a of alu- 
minium in copper below the line 6—d. This solution is com- 
paratively soft and ductile. Although the temperature at 
which the work is started is always above the /—d lines, 
which means that besides the a solution there exists also 
the more hard and brittle 8 solution. |The a solution has 
a definite softening effect over the 8 solution, with the 
result that the properties of the alloy are fairly even as 
regards mechanical properties and crystal structure. The 
microstructure of such a -tronze, with certain contents of 
nickel and iron, is shown in Fig. 7. 

In aluminium bronzes having an aluminium content 
ranging from 9-8°, to 11%, the conditions are of a more 
complicated nature. The quantities of the a and 8 
constituents change rapidly according to the temperatures 
used, time of heating, cooling conditions, ete. ; besides, 
there is the brittle 8 constituent, which is part of the 
a + 8 eutectoid, this being formed from the § solution 
when the temperature 537°C. is passed during cooling. 
Actually, of course, the formation of the a + 3 eutectoid 


Fig. 6.-Part of equilibrium dia- 
gram for Cu-Al, according to 
Stockdale, 
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Fig. 7.—- Forged aluminium Fig. 8.— Forged aluminium 
bronze (9-06% Al, 1-939 Ni, bronze (10-8% Al, 1-22% Ni). 
1-61% Fe). R, 66.1 kilogs./ R, = 72, 9 kilogs./mm.*, A, = 
mm.*, A, 24%, constituents: 24-5%, B = 187°. Constituents : 
light a, dark—-8 solutions. x 100. light a, dark B solutions. 100, 


from the f solution does not take place in practice because 
rapid cooling prevents this, but the process commences 
and has its influence on the ultimate result. The micro- 
structure of this kind of bronze with an additional nickel 
content is shown in Fig. 8. 

Aluminium bronze with aluminium content of 9—9-8°,, 
and addition of nickel, 1—2-5%, and iron, 1—2%. The 
microstructure of the cast billet is shown in Fig. 9. 

It has been mentioned that in working aluminium 
bronze, having an aluminium content of 9—9-8%, the 
temperature to start with lies above the line b—d (see 
Fig. 6). This primarily applies to the forging of bars 
requiring a large amount of heat. The bars are moved 
about during forging operations, occupying considerable 
time, during which the temperature is falling rapidly. The 
metal, of course, may be reheated, but it is necessary to 
limit the reheating as much as possible. 

By comparison stamping in dies is quite a different matter. 
It is a quick operation; the metal is taken out of the 
furnace, put into the die, and a few blows suffice in produc- 
ing the work. In this case, therefore, the temperatures used 
are lower, nearer the line b—d. Much, however, depends 
upon the hardness required, the lower the temperature used 
the softer the stamping, because the alloy will consist 
more of a and less of 8, and vice versa. _ It will be appre- 
ciated that this holds good only so long as no signs of cold 
working are evident at the lower temperatures. For 
cooling stampings air cooling is best, and with some 


Fig. 9.--Chill cast aluminium Fig. 10—Chill cast aluminium 
bronze (9°4% Al, 1-919% Ni, bronze (10-4% Al, 1-239 Ni). 
1-82, Fe). Constituents (similar Constituents: light a, dark B. 
to microph. 5 and 6): light a, x 100. 


dark g. 100. 
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11.—Aluminium bronze (10-75% Al, 1+23% Ni) in- 


Fig. 
sufficiently forged, a and 8 constituents broken up uneven. x1 


(Left) 


(Right) Fig. 12.—-Aluminium bronze forged at too low a temperature 
(10-75% Al, 1-25% Ni). a and 8 constituents finely broken up and 
evenly distributed. R, = 71-6 kilogs./mm.*, Ay = 10-4%, B= 217°. 

x 100. 
experience production can proceed with very little variation 
in hardness. 

The method of cooling forged bars must be somewhat 
different. Air cooling does not give very good results, 
particularly if high-elongation figures are desired ; thus, 
water quenching must be resorted to, the forgings being at 
a temperature of about 600°C. As with forgings of the 
high-aluminium content, it seems to be important in this 
case also to avoid the formation of the a + 8 eutectoid 
from the remaining 8 constituent, which would result in 
increased hardness and decreased elongation. The micro- 
structure of bronze worked in this way has been shown in 
Fig. 7, and the figures given for the mechanical properties 
are evidence of the excellent mechanical properties of this 
alloy. 

Aluminium bronze with aluminium content of 9-8—11%, 
and addition of nickel, 1—15°%. The microstructure of the 
cast billet is shown in Fig. 10. 

To obtain a regular good production of this alloy is 
more difficult than with the alloys just described, and 
very great care is necessary. It is particularly important 
that the billet should be evenly reheated, and regular 
temperatures maintained during working. It can be stated, 
without exaggeration, that unless the operations are carried 
out with due care a forged bar may show a tensile strength 
of 65—70 kilogs./mm.”, and 20—25% elongation at one 
part, and at the other a tensile strength, 50—55 kilogs./mm.? 
and 8—10% elongation. 


(Left) Fig. 13.—Aluminium bronze (10-75% Al, 1-25% Ni) forged 
and tempered. The unevenly distributed a and 8 constituents are 
somewhat larger than on microph. 10. R, = 67-3  kilogs./mm.*, 

A, = 18-1%, B = 170°. x 100. 
(Right) 


Pig. 14.—Chill cast aluminium bronze (9-4% Al, 4-75% 
Ni, 1-23% Mn). 


« 100. 
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The question arises what kind of furnace should be used 
for the heating-up of the metal. Equally good results can 
be obtained from an electric furnace as from an open coke 
fire, but considering production as a whole, and not only a 
single effort, an electric furnace is best. It is not sufficient 
that the temperature indicator should show the temperature 
of the point measured, it is important that the metal itself 
has the same temperature. This condition is fulfilled best 
by an electric furnace. It is true the running cost of an 
oil furnace might be lower, but when working aluminium 
bronze, particularly with an aluminium content of 
10—11%, an electric furnace gives that degree of regularity 
desirable. 

The working temperature is 50—100°C lower than the 
working temperature of alloys having an aluminium 
content below 9-8°%—i.e., 750°—850°C., according to 
aluminium content and the kind of product. The same 
remarks made when speaking of the stamping of alloys 
with an aluminium content below 9-8% are true, with 
the exception of the air cooling, which is frequently 
replaced by quenching in water. 

As regards the forging of bars, this, too, cannot always 
be done in quite the same way. The procedure is somewhat 
different when forging bars of 75—100 mm. diameter as 
compared with the forging of bars of 20—30 mm. diameter, 
the latter cooling more rapidly, when the forging may be 
finished colder. As a rule quenching in water at a tempera- 


Ni, 


Fig. 15.—Forged Aluminium—bronze (9-70%, Al, 
100, 


( Left) 
1-37% Mn). R,=60-5 kilogs./mm.*, Ag = 8-6%, B=178°. 


(Right) Fig. 16.—Forged and heat-treated aluminium bronze (9-70% 
Al, 4-57% Ni, 1-37% Mn. In heat-treatment on the dark ground of 
the B constituent have been formed delicate lines of the light a constituent. 


ture of about 600°C. is the correct way to avoid the 
formation of the a + 8 eutectoid, and to obtain the best 
mechanical properties, elongation in particular. Sometimes 
the properties of bars or stampings need to be improved, 
in which case they are heat-treated. 

The heat-treatment of the aluminium bronzes considered 
is not intended to improve the properties of the alloys 
generally, but to sacrifice part of the hardness and strength 
to gain higher elongation, or vice versa. This is done by 
changing the a solution into f solution, or the f solution 
into a solution, according to the property desired. 

The microstructure of a good sample has been shown in 
Fig. 8, and the results from a test-piece taken from this 
sample are evidence of its quality. 

The structure of a sample which had not been forged 
enough is shown in Fig. 11. It has been taken from a bar 
forged too quickly with a few heavy hammer blows. The 
constituents are unevenly broken up. In Figs. 12 and 13 
are shown the microstructure of samples forged too hard 
(i.e., having a too-high Brinell figure) and tempered 
afterwards. 

A few remarks may be made on an alloy with 9—10% 
aluminium, 4—5°%%, nickel, and 1% manganese. The 
structure of the cast metal is shown in Fig. 14. This alloy 


| 
| 


Fig. 17.-Chill cast special brass Fig. 18.—-Special brass, forged 

(38-26 Zn, 4-06% Mn, 0-9% Al). (385% Zn, 4.06% Mn., 0-9% 

The B solution forming large Al). 8 solution crystals, 100, 
crystals, < 100, 


presents special interest from the fact that the best 
mechanical properties in forgings and stampings can only 
be obtained by heat-treatment. The forgings must be done 
very carefully, and the reduction greater than with the 
previously described alloys—min. 75—80°%,. The heat- 
treating temperature is about 700°C. A tensile strength 
of R, 65—70 kilogs. mm.*, elongation A, about 20%, 
and hardness of 160 Brinell may be attained. The micro- 
structure of this 


alloy before and 00 — - 
after heat-treat- y 

ing is shown in 

Figs. 15 and 16. 

Special Brass. 

The chemical 800 
composition of 
this is: Zn, OLUTIO 
38—40% ; Mn, 4 “ yoo 

5%; Al, 1 Q 
Cu, 53-5 SOLID 
— 57%. The mi- 00 
erostructure of a 
the cast alloy is 2 
shown in Fig. 17. Ni} 

This alloy is 
more easily han- 
dled in forging & ik 
than any previ- © 400 8 
ousiy described. 
The forging or 
stamping may be e 
done at all tem- 80 7 $0 50 < 
peratures up to PERCENTAGE OF COPPER 
800° C., but tem- Fig. 19.-Part of equilibrium dia- 


gram for Cu-Zn, according to 


peratures vary- 
Bauer and Hansen. 


ing between 500 
—650° C., with 
air cooling, give the best results. In this case also 
the metal may easily be too hard, too soft, or too 
weak, according to whether the forging has been done 
too cold, too hot, too heavy, or too light ; sometimes there 
are also structural difficulties, but, as a rule, it is 
comparatively easy to maintain regularity in production. 
The average mechanical properties reached are : - 
R, = 55 —65 kilogs./mm.*, Ay = 18 —25%, B, = 140 —170. 
The microstructure of the forged material is shown in 
Fig. 18. It consists of one constituent only—the 8 solution. 
From the equilibrium Cu—Za diagram (Fig. 19) it would 
follow that the structure should consist of a + £8 con- 
stituents. However, owing to the addition of aluminium, 
the microstructure seems to belong to an alloy lying more 
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to the right on the diagram, because the addition of 1° 
of aluminium has an effect approximately similar to th: 
of an addition of 6% Zn. 

The addition of manganese has a directly opposii 
effect on the structure of the metal, but this is relative) - 
small. Owing to the addition of aluminium the alloy hs< 
an increased strength and hardness, but a decrease | 
elongation. To the addition of manganese we owe th.» 
good forgeability of the alloy in the hot state. The mecha». - 
ical properties of the alloys discussed are given in the 
accompanying table. The properties quoted are just 
average figures. Quite frequently much better results are 
obtained. It is gratifying therefore to state that there is 
one more branch of industry in Poland which is producing 
results that compare favourably with those reached in 
other countries. 
CHEMICAL COMPOSITION AND MECHANICAL PROPERTIES OF FIVE FORGED COPPER ALLOYS 


PRODUCED BY THE FABRYKA METALURGICZNA PANSTWOWYCH ZAKADOW INZYNIERJI, 
WARSAW, POLAND, 


> Average Mechanical 
Chemical Composition (%). eatin. 
Symbol. _ — = 
Rr Af B 
Sn. Al. Ni. | Zn. | Mn.jkg./mm.t %. Br. 
CuSn5 ....14,5-6 - - 40-50 14-18 150-180 
3.000 
Cu Al 9 Ni Fe 9-10 | 1-2,5] 1-2 -- 60-70 14-18 170-210 
3,000 
Cu Al 10 Ni 98-11} 1-1,5 —| 60-55 15-20 170-190 
1,000 kilogs. 
Cu ALO Nid 9-10 1-5 1 60-70 12-18 160-185 
1,000 kilogs. 
Cu Zm 38....]  - 1-1,5;, — - | 38-40] 4-5] 55-65 18-25 140-170 


FORTHCOMING MEETINGS. 
INSTITUTE OF METALS. 
BIRMINGHAM SECTION. 
Jan. 3. Joint meeting with the Electro-depositors’ Technical 
Society. “The Microstructure of Electro-deposited 
Coatings,” by A. W. Hothersall, M.Sc. 
Jan. 15. The National Smelting Works, Avonmouth. 
LONDON SECTION. 
10. ** The Manufacture and Uses of Powdered Metals,” 
by J. C. Chaston, B.Se. 
ScOTTISH SECTION. 
Jan. 14. ““Some Aspects of the Corrosion of Non-ferrous 
Metals,’ by Professor C. O. Bannister, M.Eng. 
INSTITUTE OF BRITISH FOUNDRYMEN. 
LANCASHIRE BRANCH. 
Jan. 5. “The International Foundry Conference in the 
United States,’ by T. Makemson. 
BURNLEY SECTION. 
Jan. 8. “ The Making of High-duty Lrons,” by G. Hall. 
Jan. 12. Annual Social. 
PRESTON SECTION. 
Jan. 9. “ The Moulder and his Craft,’’ by C. A. Otto. 
LonpoN BRANCH. 

9. “Some General Remarks on Mechanised Foundries 
and the Making of Motor Cylinders,” by G. W. 
Brown, M.1.Mech.E. 

MIDDLESBROUGH BRANCH. 
Jan. 11. **'Ten-minute Papers.’ A competition open to 
Middlesbrough Branch members. 
ScoTrisH BRANCH. 
Jan. 12. “ Suggested Method of Establishing Meiting Costs 
in a Grey Iron Foundry,” by V. Delport. 
SHEFFIELD BRANCH. 

Dec. 21. “ Further Notes on Defects in Steel Castings,” by 

C. H. Kain. 

‘Some Foundry Problems,” by J. Roxburgh. 

WaLes AND MonmoutH BRANCH. 


Jan. 5. “ Bronze Castings,” by E. J. L. Howard (at New- 


Jan. 


Jan. 


Jan. 


yort). 
Ripinc OF YORKSHIRE BRANCH. 
Jan. 12. Annual Dinner. 
MANCHESTER METALLURGICAL SOCIETY. 
Jan. 16. “ Pyrometry,” by R. S. Brown. 
BIRMINGHAM METALLURGICAL SOCIETY. 
Jan. 16. Visit to Chance Bros, and Co., Ltd. 
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Aluminium Alloys and Improved 
Methods of Manufacture 


By W. C. Devereux. 


Co-operation is necessary between designer and material supplier to effect good results. The 

author discussed various improvements in the manufacture of aluminium alloys before a recent 

meeting of the Institute of British Foundrymen and the Institution of Aeronautical Engineers, 
and many of his views are given in this article. 


T is a remarkable fact that many users of aluminium 
| alloys are not aware how different the casting methods 

must be for many of the alloys composed in the 
aluminium alloy group, and that methods of moulding 
and pouring for one alloy may be entirely wrong when 
applied to another. An example of the influence of feeding 
upon the properties of aluminium alloys, for instance, is 


Fig. 1—Cylinder head casting showing various methods of feeding 
and running. 


shown in Table I. Two types of chill moulds were used 
to produce the test-pieces: one called the RR_ type, 
having a feeder head the whole length of the casting, 
whilst the other was the B.E.S.A. type, which is fed only 
at the top entrance of a one inch diameter hole. Note 
that with feeding, both types of R R material have im- 
proved considerably, whereas “ Y” alloy has decreased 
values. The reason is undoubtedly found in a study of 


TABLE 1. 
1 Proof | Ultimate Elon- 
Stress, Stress, gation Brinell 
All Type of Mould. Tons per |Tons per % on Hard- 
| Sq. In. Sq. In. 2 in. ness. 
R.R. 50. B.E.S.A. type 8-0 13-6 80 
Heat-tr rod | R.R. type with feeder head | 10-0 16-2 6-5 83 
R.R. B.E.S.A. type | “19-8 22-0 1-0 140 
Heat-t 1] R.R. type with feeder head | 23-0 25-3 2-5 145 
¥ All, B.E.S.A. type 20-0 3-0 110 
Heat-( i] R.R. type with feeder head 12-4 19-0 2-5 114 
the « ling curves of the materials: “ Y ” alloy having a 


more prolonged range of solidification than the others. 

In \e production of aircraft castings, it is essential that 
the ‘:st pieces should be thoroughly investigated to 
prev: | troubles due to variation, and to reach a final 
sett! vont of satisfactory methods of feeding, running and 


chilling each piece. Take, for example, the aeroplane 
engine cylinder-head casting, shown in Fig. 1. On the 
right of the illustration is a view of a sectioned head, 
indicating positions from which test-pieces were cut. 
Tested on a Tensometer these test pieces gave results 
shown under Fig. 1. These figures give the influence of 
three alterations to methods of feeding, etc. The com- 

bustion chamber is heavily chilled, not only so 

that the heavier sections shall be cooled quickly 


pied, \ obtain a good close-grained structure. As a result 


TENSILE RESULTS. 
Test PreCE CUT FROM HEAD AS INDICATED ON ILLUSTRATIONS. 


Ultimate Stress, 


Method. Position. Tons per Sq. In. 
1 10-0 
1. As on Iilustration A... 2 13-0 
3 10-5 
2. As on Illustration A... 2 12-5 
3 11-0 
3. As Method 2, but with walls thickened as 2 13+5 
on IMustration Bo... 13-25 


of this preliminary investigation, it is obvious that the 
third method is the best. In all production methods, 
however, there can be no doubt that a thorough investi- 
gation to determine the method of casting which elimin- 
ates uneven structure—a sure sign of incipient tendency 
to drawing and cracking—is well worth while, not only 
to effect quality, but to facilitate the speed of ultimate 
production. 

Having discovered the right method of feeding, as well 
as that of chilling, care must be taken to maintain the 
same conditions. In addition to the condition of the 
mould, the temperature of the metal must be controlled 
to obtain fine-grained equi-axed grained structure. These 
remarks in general apply equally to die castings. 

Crystals which grow from chilled surfaces tend to shoot 
out in long and narrow shapes, with consequent directional 
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weakness. Coarse grain—due to lack of care in melting 
have low-melting point eutectic heavily deposited at the 
grain boundaries, usually associated with impurities which 
tend to lie in the grain boundaries. Envelopes of eutectic 
are formed which are often brittle when cold, and weak at 


Top Faulty attention to the temperature of metal and mould, 
Bottom Perfect in grain, size and shape 
Fig. 2. Showing the influence of metal and mould 
temperature 


higher temperatures. Serious as this is with unheat- 
treated castings, coarse formation is always dangerous, 
and more troublesome following heat-treatment. The 
two castings shown in Fig. 2 illustrate the influence of the 
metal and mould temperatures. One casting is perfect 
in grain, size and shape, while the other illustrates faulty 
attention to the temperatures of metal and mould, as a 
result of which the grain boundary of many of the crystals, 


Fig. 3.--Parts cast in R.R.S3B and heat.-treated,. 


after heat-treatment, are practically cracks with no defined 
strength. 

On this question of heat-treated castings, owing to the 
much greater strengths obtainable, this type of casting 
is being increasingly used. Certain types of heat-treatable 
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alloys obtain their strength by means of a high-temperatu > 
heat treatment—over 500° C.—followed by an agei) » 
period by which they are again heat-treated to temperatur. s 
of 160-200° C. for varying periods. 

The other type of alloy receives only the artificial agei 
treatment of 160-200°C. described. The heat-treatm« 
constituents of the latter type of alloy, of whi 
*Hiduminium” R R 50 is one, are somewhat complex and 
do not fully precipitate out in cooling from the casting 
temperatures ; they remain partly in solution, and are 
subsequently precipitated by the low-temperature treat- 
ment. Incidentally, the castings are stabilized and relieved 
of most of their casting stresses in the process. 

The types of alloy relying on the high temperature heat- 
treatment are suitable for many purposes; they are, 
however, somewhat dangerous for large castings of a delicate 
character. ‘This is due to their tendency to take on internal 
stress when cooling as a result of variations of sections 
and delayed rates of cooling. This type of material cannot, 
therefore, be used indiscriminately, but the design must 
be such as to allow the high temperature treatment without 
causing stress, and this is only possible on simple structures. 

An alloy containing a high percentage of silicon is in 
use in Germany which, the makers state, does not stress 
on high-temperature treatment when formed into intricate 
castings. This alloy has not yet been used much, and, 
outside of Germany very little success has been attained ; 
but, if, after the high-temperature treatment, the casting 
does not show stress, then the varying contractions have 
been absorbed by stretch, due to low temperature at 
cooling rates of temperature, with the result that strain at 
varying points makes the casting noticeably brittle. 

Very high figures have been obtained on certain test- 
pieces cut from various sand castings made from heat- 
treated material, such as ‘‘ Hiduminium ”’ R R 53, and the 
question is frequently asked why cannot other castings 
be made with the same test figures. This can often be 
done, and very good service obtained, but the design must 
be such that locked up stress cannot occur, and proper 
precautions must be taken. When the design is intricate, 
however, and above certain defined sizes, it is my opinion 
that material calling for high temperature treatment is 
unsuitable. Wonderfully high figures can certainly be 
obtained from test-pieces cut out of such castings, but the 
internal stress locked up in the casting usually leaves 
only a little strength available for useful work. For 
certain parts, however, such as those shown in Fig. 3, it 
is possible to use the type of alloy the strength of which is 
gained by heat-treatment. 

TABLE 2.—R.R. 53B. 


“1% Ulti- Redue- 
P.S., Yield, | mate, | Elon- tion Hard- 
Tons Tons Tons / | gation,} Area, hess Remarks. 
sq. in. | sq. in, | sq. in, oe %. No. 
B.B.S.A, 
chill 7-0 14-5 75 As cast 
12-5 210 lol Solution treated 
21-0 25-0 3-0 129 Fully H.T. 
Sand cast 8°5 12-0 1-5 0 As cast 
12-0 17-0 3°5 - 107 Solution treated 
210 1-0 121 Fully H.T. 
TABLE 3.—R.R. 53R. 
1% | Ulti- Redue- 
P.s., | Yield, | mate, | Elon- tion Hard- 
| Tons | Tons, | gation,} Area, ness Remarks. 
Sq. in. | sq. in. | sq. in. | %. %. Ne. 
R.R, chill 7-6 14-0 3-0 : 74 As cast 
11-5 21-5 70 _ Solution treated 
23-0 26°55 3-0 129 Fully 


An example of this type of alloy, which is a develop- 
ment of the standard “ Hiduminium ” R R 53 alloy, is 
known as R R53 B., test figures of which are given on 
Table Il. These show a great improvement, particularly 
the elongation figures. Test bars cast in the form more 
consistent with die-casting practice, that is, fed along the 
whole length of the test-piece, are given on Table [II. 
Many applications of the alloy have been found during 
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the past twelve months, particularly in replacing steel, 
mai/eable iron, and bronze levers in the textile and electrical 
industry, the object being to speed up the machines by 
having lower inertia loads. 

t is not generally suspected that over-fluxing of material 
can be responsible for large grain size with its attendant 


Fig. 4.—-Sand-cast test pieces, showing the result of 
fluxing the metal. 


trouble, particularly on heat-treated castings, and I raise 
the point particularly, as at the present time numerous 
new fluxes are being put on the market as a cure for all 
troubles. Most of the fluxes are good in eliminating gas 
holes, and that other trouble known as speckiness, but 
they must be used with care and moderation. Fig. 4 
shows various results of using flux on some sand-cast 
test-pieces } in. thick; all cast at the same temperature 
in moulds that were as near as can be got identical; all 
test-pieces being cast from ingots made from virgin 
material. The uniform and fairly fine grain size in all 
specimens is of course the result of the comparatively 
thin casting. No. 4is a material cast from an ingot without 
fluxing ; No. 3 is the result of once fluxing ; No. 2 of twice 
fluxing, and No. 1 of fluxing three times. With each 
degree of fluxing the grain size has increased. 
Wrought Material. 

It is practically certain that an ingot casting showing 
coarse columnar crystals would not forge at forging tem- 
peratures: the grain boundaries would be so weak that 
they would develop into cracks. Sometimes, however, 


). 6.-Variations resulting from wrong and 
correct dummy shapes. 


one or two long elongated crystals in an ingot will develop 
trovsle such as cracking. A coarse equi-axed crystal 
wou | not give trouble, and might ease such operations 
as 1 lling or pressing. The trouble with ingots coarse in 
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grain structure is that pools of crystals much larger than 
their neighbours collapse and work more readily, throwing 
undue stress on the small crystals, which develops cracks. 
The size of the crystal structure is largely governed by the 
temperature of the metal and the rates of cooling. 

Fig. 5 shows how crystal growth can be developed in 


Fig. 5.—-Crystal growth developed in extruded metal held at a 


temperature for too long a period. 


extruded material that is held at a temperature for too 
long a period. In working from extruded bar for forging 
careful note should be taken of the length of time the 
material is soaked prior to forging operations. No. 1 
in the illustration shows the good structure of the bar 
after one hour’s soaking at forging temperature. The 
others are at the same temperature from the same bar, 
but soaked for varying lengths of time up to 24 hours for 
No. 6. This structure can be broken down by a certain 
amount of cold work, but this is not always possible with 
stampings; thus stampings may have large and small 
crystal growth, the large crystal growth resulting in a lower 
yield point and higher elongation figures. 

The principal thing to watch in the manufacture of 
forgings and stampings—apart from the obvious one of 
temperature—is the control of the dummy shape and 
size. In the connecting-rod sections sown in Fig. 6, the 
right-hand illustration shows the result from a correctly- 
shaped dummy. This piece has been cut from the position 
where the ““H” section joins the radii into the head, 
hence its bad shape. The illustration on the other side 
is cut from a similar position, and tests made because of 
it being the most dangerous point. The fault, as shown 
in the illustration is obvious, and therefore would not get 
into service, but there is an intermediate stage, shown 
on macro etching, where it is very difficult to detect the 
practical severence of the projections to the body of the 
“H” section, and often the defect results in a distinctly 
weak cleavage of the two parts through the centre of the 
rod. 

This is clearly shown in Fig. 7, where one oversize 


Fig. 7.—Cleavage resulting from lack of control of dummy shape. 


dummy results in a complete split ; in another, the split 
is just about to occur, while that in the right-hand top 
corner is made from a correctly-shaped dummy. It is 
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merely a question of determining the correct size of dummy 
and then adhering to that size by rigid inspection. 

Often pressing by hydraulic or mechanical means is 
resorted to in the manufacture of shapes, and in Fig. 8 
is shown an example of what not to do in pressing operations. 
This is a pressed piston that has undoubtedly been made 
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artificially—to obtain the maximum physical propertie: 
develop different characteristics according to the treatmer 
received prior to cold work. In any of the alloys annealin 
is a necessity when heavy deformations are carried out 0 
finished sections and tubes, drawing, bending, etc., ; 
obviously the ductility of the metal would be finished : 
the places deformed. Material whi: 
has been annealed at temperatur:s 


the normal heat-treated material, and 
cold working leaves a finer crystal 


Dr rte harden with time; in order to obtain 
face the maximum qualities, therefore, tlic 
piece must be heat-treated, quenching 

from above 500° C. 
In duralumin sheet and bar, an 
Janes Ne Woe optimum crystal size is attained in 

>» 


structure, and hence improvement in 
proof stress and ultimate at the 


expense of elongation. In RR 56, 
however, which has a_ very fine 
crystal size in the normal state, a 
small amount of cold working will 


induce crystal growth and _ increase 
the elongation after reheat-treatment, 
while greater amounts of coid defor- 
mation preserve the high proof stress, 
and do not change the elongation 


figure. 
In conclusion, it should be stated 


ae 


Fig. 8. -Piston which has been sealed tube. 
and pressed at a wrong temperature. 


from a good ingot, but which has been scaked and pressed 
at a temperature such as to form strained, deformed 
crystals, which on re-heating for heat-treatment or further 
work have re-crystallised into the sizes shown. In the 
best of pressing operations obtaining uniformly-correct 
size grain is difficult. The piston shown would be weaker 
under fatigue ; it would probably distort more in running 
when subjected to engine temperatures ; have increased 
frictional properties, and would pick up much more readily 
than would a fine structure. 


An interesting chart showing the advantages obtained 
by a higher yield point on extruded and drawn tube, is 
shown in Fig. 9. This shows a design curve for duralumin 
tube and curves produced from tests enveloping results 
from R R56 tube, which varied in proof stress from 22 
tons to 24 tons per sq. in., and 26 to 28 tons ultimate 
strength. The tests were carried out on circular tubes of 
various lengths, diameters, and thicknesses, in order to 
establish a curve for determining the strength of struts. 
The strength of a strut is determined by the ratio of its 
length to “ K,” the radius of gyration (the value of the 
latter for circular tubes being approximately one-third 
of the diameter), and since perfect straightness, uniformity 
of shape, and thickness cannot be ensured, practical 
curves are based on an assumed value of “ eccentricity ” 
resulting in the familiar “ Southwell” curves, which are 
based on the yield stress of the material. 

The Duralumin curve is the “* Southwell” curve based 
on a yield stress of 16 tons per sq. in., whilst curve “ B” 
shows a similar curve for D T D. 220 (R R56) based on a 
yield stress of 22 tons per sq. in. Curve “A” shows the 
minimum of tests actually carried out, showing considerable 
improvement in the practical range of length over diameter 
ratio from 15 to 25. For comparison, the “ Southwell ” 
curve for 40 tons vield steel is included. The superiority 
of strength of this is, of course, more marked in the region 
of greater slenderness where its higher value of Young’s 
modulus becomes important. 

It is found that the general conditions governing alloys 
that are heat-treated and aged—whether naturally or 


Fig. 9. Showing advantages obtained by a 
higher yield-point on extruded and drawn 


that the magnesium and aluminium 
alloys cannot be disassociated : they 
both have distinct applications in en- 
gineering, and will progress side by 
side, as the necessity for light combustion becomes more 
and more apparent with the consequent saving in power 
and building of efficiency. 


Recrystallisation of Transformer Steels. 


THE increase in grain size of dynamo and transformer 
steels containing about 0-02°%, of carbon and | to 4%, of 
silicon, after cold-rolling and subsequent annealing, has 
been investigated by A. Wimmer and P. Werthebach. 
In steel containing 0- 98°, of silicon recrystallisation begins 
at between 650 and 700° C. after 20°, of cold-work; they 
begin being displaced to higher temperatures with decreas- 
ing degree of cold-work. The largest grain was found 
after 4 to 5%, of cold-work and annealing at between 
850 and 900°C. At temperatures above 900°C. re- 
crystallisation is stopped by the a-y-—transformation. 
With increasing silicon content the annealing temperature 
at which recrystallisation begins after a definite degree 
of cold-work decreases. The same is the case with the 
degree of cold-work necessary to obtain the largest grain 
size. So, at temperatures of 850 to 900°C., the largest 
grain was found after 3 to 4% of cold-work with 1-9°, Si, 
2 to 3% of cold-work with 2-55% Si, and 1% of cold- 
work with 4-28°, Si. On the other hand, the tendency of 
the irons to produce large grains decreased with increasing 
silicon content. This fact is probably due to the presence 
of impurities, the quantity of which generally increases 
with increasing silicon content. It can be assumed that, in 
opposition to the present experimental results, grain 
growth in irons of the highest purity will increase with 
increasing silicon content. At 1,000°C. further grain 
growth occurred in steel containing 4-28°, Si after a cold- 
work of 10 to 20%. Whether this fact must be attributed 
to the a-y-transformation or represents another re- 
crystallisation range remains to be shown. By correctly 
applying the recrystallisation laws, it is possible to produce 
grains several sq. cm. in area. Since, as further experl- 
ments showed, the watt losses considerably decrease with 
increasing grain size, a marked improvement of dynamo 
and transformer steels can be brought about in this wy. 
(Stahl und Eisen, 1934, No. 16.) 
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Some Recent Inventions. 


Vhe date given at the end of an abridgment is the date of 
the acceptance of the complete Spccification. Copies of Speci- 
fications may be obtained at the Patent Office, Sale Branch, 
25, Southampton Buildings, London, W.C. 2, at 1/- each. 


Casting Machines. 

A MELTING crucible a and an electric heater, which may be 
an induction coil} are arranged in a vacuum-tight chamber c 
having at least one door provided with a readily dismount- 
able high vacuum seal and containing a fluid cooled crucible 
support d. The coil is adapted to melt several pounds of 
copper, nickel or steel. The chamber is connected at e 
to a diffusion pump. The pressure in the chamber is 10-% 
or 10-# mm. and the chamber and all the internal members 
except the crucible are maintained by circulating liquid 
at a temperature below 100°C. The chamber is provided 
with several doors, and the door f is fitted with other doors 
all of which are sealed. 


A melting machine. 


The chamber is fitted with a sight tube g and with a water 
jacket A having a helical baffle 7 Three of the doors and 
the crucible support f are water jacketed also. One door 
carries a relief valve k and a door to which is welded a 
water-cooled sublimation collector / fitted with a vacuum 
sealed sighting window. The crucible a is arranged in an 
outer crucible » and is separated from it by zircon sand. 
The outlet ois controlled by a water-cooled gate. A support 
for the ingot mould is formed integrally with a door and 
has a double helical rib which forms with an external 
sleeve a closed path for cooling water. A vacuum sealed 
plug p may be removed to enable a rod to be inserted to 
rais’ the plug and the ingot. A gauze of corrugated copper 
liner is inserted between the mould and the support 25 to 
allow for expansion. The current supply is effected by 
con ntric tubular water cooled conductors. The con- 
nect on s to the diffusion pump contains a removable 
bafi' and is provided with an opening for a Pirani gauge 
and nother for a vacuum gauge of the discharge tube type. 

4 3,698. H. Smeruurst, Victoria Road, Fallowfield, 

’. E. Bancrort, Delaine Road, Withington, both of 
‘lanchester, G. Burrows, Fownhope Avenue, Sale, 
‘heshire, and AssoctaTED ELECTRICAL INDUSTRIES, 
uTD., Crown House, Aldwych, London. 
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Special Railway Rails. 
RatLway rails etc., are made from metal containing 0-05 
to 2 %of molybdenum and first rolled at a high temperature, 
1,000—1 ,200° C., and then rolled to finish at a low tempera- 
ture, 800—900° C., ie. near transformation point. For 
harder rails up to 3 %, of nickel and /or 1%, of chromium is 
also added. The rails may then be reheated at a tempera- 
ture under the transformation point or may be quenched. 
The metal is preferably made in the open hearth or electric 
furnace. The metal may be cooled between the rolling 
stages. 
414,264. ACIERIES DE  GENNEVILLIERS-ANCIENS 
ETABLISSEMENTS (. DELAcHAUX, 119, Avenue Louis 
Roche, Gennevilliers, Seine, France. 


Metal Heating Furnaces. 


A FURNACE installation for the heat-treatment of metals 
in a special gaseous atmosphere, applicable particularly 
to the case-hardening of stee] in an atmosphere of ammonia, 
comprises two work-containers a, 6, supported on a fixed 
hearth c, and a furnace unit d which is mounted on a 
wheeled trolley so that it may be moved horizontally to 
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Method of controlling atmosphere in furnaces. 


enclose either of the containers, a, 6, leaving the other 
uncovered for cooling. The unit d is of arched form and is 
fitted with end doors d?, d? which are raised during its 
travel and lowered to complete the closure when it reaches 
either of its working positions. The containers a, 6 are 
enclosed in bells a?, 6 which depend into sealing-troughs 
a‘, 64 filled with powdered chrome-ore, while the pipes 
e1, e? for the supply and discharge of the gaseous atmosphere 
e.g. ammonia, pass through the hearth c and communicate 
respectively with the containers themselves and with the 
spaces between them and the covering bells a’, 4°. The 
containers have apertured bases a5, 55, below which are 
disposed circulating fans f which ensure intimate contact 
of the ammonia with the charge. The supply of ammonia 
is regulated by valves located at a distant control station, 
these valves being so arranged that the direction of flow 
may be reversed in order that active gas may be supplied 
to the container being heated, while the spent or dissociated 
gas issuing therefrom traverses the other container in 
which a previously treated charge is cooling. A two-way 
valve is provided at g to enable the passage of gas through 
the cooling container to be cut off during discharging and 
re-charging. The pressure at which the ammonia is supplied 
may be regulated by varying the level of oil in “ bubble- 
jars ’’ arranged in the supply pipes, and a device for testing 
the extent of dissociation of the ammonia may be provided 
at the control station. The furnace unit d is fitted with 
electric resistance heating-elements controlled by thermo- 
couples disposed in the containers a, 6, and carries a trip 
device which, on movement of the unit d, operates a switch 
to cut-in the thermo-couple of the container to be heated 
and cut-out the other. The movement of the unit d may 
also be utilized to effect starting and stopping of motors 
driving the fans f. 
410,845. Brrmincuam Evectric Furnaces, Lrp., and 
A. G. Losey, Birlec Works, Tyburn Road, Erdington, 
Birmingham. 
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Recent Developments in Cast Iron 
By Walter West. 


Developments have improved the performance of iron castings, and, despite keen competition, 
economical considerations are favourable to the increasing application of high-quality castings. 


In this article some recent 


introduction of welded structures, bakelite 
fittings, and stronger aluminium alloys some short 
while ago, gave considerable concern among certain 
sections of foundrymen engaged in the production of heavy 
and light castings. In addition, threatening prophesies 
were not a few, that the days of iron castings were numbered, 
in view of the more perfect steel castings, and the favoured 
drop stamping. While much ground has had to be con- 
ceded to these newer productions of engineering skill and 
results of organic and metallurgical experimentation, the 
progress of research in cast iron metallurgy has more than 
recovered from these invasions. 

Further, assistance has been forthcoming from the field 
of melting furnaces, the improvements and mechanical 
inventions therein have opened wide new possibilities in 
the production of uncommon and hitherto unexplored 
permutations of iron carbon, silicon alloys; control of 
resulting compositions have been made more positive by 
the use of improved air-blast balance in the cupola furnace, 
finer degree of carbon content and superheat control by 
the use of the rotating electric and pulverised fuel furnaces. 

The advances alone in melting practices have made 
commercial grey irons available with increasing tensile 
strengths up to 30 tons per sq. in., and engineers are 
tending to desert more expensive materials and to return 
to re-designed cast-iron parts. 

An increasing number of foundries also are adopting the 
procedure of super-heating melts up to 1,600° C. before 
casting, the effect of which is to produce marked improve- 
ment in the properties of common cast iron, and a greater 
degree of solidity in the resultant casting. 

The present period has been aptly described as the 
“alloy age,” which acknowledges the wonderful develop- 
ment in metallurgy during recent years. 

In this way the metallurgy of cast iron has received a 
new impetus, for metallurgists have not only produced 
alloy cast iron with previously unheard of properties, but 
have lifted the plain grey iron from the commonplace, and 
have given engineers and designers a new conception of the 
material. 

Alloy Cast Iron. 

The advent of alloys into the grey iron foundry is by no 
means new: back in the eighteenth century history records 
the addition of nickel to cast iron in order to increase the 
rust-resisting properties of the final casting. Many other 
metals have found their way into casting form in varying 
and increasing amount to effect improvements in the 
properties of the base metal to which they have been 
added. Those widely known are nickel and chromium, the 
later comers, whose behaviour is still the subject of close 
research, are molybdenum, vanadium, copper, titanium, 
and aluminium. 

The most important and outstanding alloy cast irons 
are those containing nickel, either alone or in combination 
with chromium, or with other elements separately, or as a 
combination. One direct advantage to the founder by 
the use of this metal is its distinct contribution to give 
good machinability, for normal sections, | or 2°, is usually 
sufficient, which will also produce a finely divided form 
of carbon, thereby giving increased strength. 

With nickel between 3 and 4°, the structure is sorbitic, 
and at 5 to 6% it becomes definitely hard to machine, 
because of the martensitic structure. This intrinsic hard- 
ness calls for special notice where wear resistance is a 
property desired of the material, and of very recent date 


developments are summarised. 


in this direction there has been a clearer definition between 
cast iron having air-hardening properties of this order, and 
that which derives its hardness by way of a hardening and 
tempering process. 

Under conditions of working where an appreciable degree 
of temperature, such as is developed in an internal com- 
bustion engine, it is not merely a theory that a cast iron 
which can maintain its original properties is more durable 
than that which has its hardness property developed by 
hardening and tempering, but, further, the proof is being 
furnished by the mass results against actual service con- 
ditions. The martensitic type of cast iron has most recently 
asserted its claim for consideration, and does give results 
under conditions of wear nearer to those obtained from 
nitrided cast iron. 

It is perhaps necessary to emphasise that nickel additions 
give the best results when added to a base iron of good 
composition and structure. 


Chromium Cast Iron. 


Chromium is essentially a hardener of no mean degree, 
because of its carbide-forming property, which stands in 
contra-distinction to silicon and nickel. When double 
carbides of chromium are formed within the cast iron to 
which chromium has been added, greater stability of 
structure is obtained under conditions of temperature, 
15 to 35°, chromium contents give very good results in 
respect to heat and corrosion resistance. Smaller per- 
centages of the order of 1}°, have been valuable in eliminat- 
ing growth. Chills, crusher jaws, rolls, grinding balls, and 
liner castings have all been improved in their services by 
varying additions of chromium. 


Nickel Chromium Cast Iron. 


The additions of these two alloys are usually blended 
so that they mutually neutralise each other in respect of 
chill, the usual ratio of nickel to chromium additions 
being 24: 1. 

The range of additions generally adopted is nickel not 
over 3-0°%, and a maximum of 1-0°% chromium. Higher 
percentages are used when chilled or white iron is desired, 
with an extremely hard, tough, and deep chill. A definite 
move of recent date has been made in industrial circles to 
use nickel chromium-copper alloy cast irons of an austenitic 
structure for castings required specially strong, and to 
resist chemical action and temperature changes, but cast 
iron having smaller percentages of the two alloys have been 
used in the automobile casting trade for many years. 


Molybdenum. 


The use of this metal as an alloy addition to cast iron 
is so far the least developed, except by the chilled roll- 
makers. A number of investigators report that its addition 
to grey iron of suitable composition increases the tensile 
strength and transverse strength, the following figures by 
the author confirms this assertion up to 1 -0°% molybdenum. 


No. Si. | Mn. s. P. Mo 

% % % % % % 

axe 3-36 | 1-82 | 0-40 | 0-074 | 0-15 | Nil 
cS eee 3-32 | 2-04 | 0-46 | 0-054 | 0-17 | 0-21 
|) Sr 3-36 | 2-00 | 0-48 | 0-050 | 0-15 | 0-42 
eee 3-25 | 1-80 | 0-40 | 0-050 | 0-15 | 0-60 
3-25 | 1-81 | 0-40 | 0-050 | 0-15 | 
3-27 | 2-08 | 0-44 | 0-050 | 0-15 | 1-05 
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CER 3-18 | 1-10 | 2-08 

3°20 | 0-91 | 2-29 

3-36 | 1-10 | 2-26 

3-20 | 1-06 | 2-14 

3-13 | 1-12 | 2-01 


It will be seen that there is little difference between the 
combined carbon figures throughout. 
Mechanical Tests. 
The following results were obtained : — 


Transverse Tensile Brinell 
Rupture Deflection,| Tons/ Hardness 
Modulus Inches. Sq. In. 3,000 / 

0-875 in. Bar, 0-875 in. 10/15. 
12 in. Centres. Bar. 


28-8 18-4 241 
30-0 0-21 19-02 241 
32-0 0-21 20-1 229 
are 32-5 0-21 21-6 255 
35-2 0-19 23-8 269 
35-7 0-20 23-6 269 
Microstructure. 


The addition of molybdenum has produced a finer 
graphite size and refined the matrix, a small proportion of 
ferrite is in evidence, and this increases with the moly- 
bdenum content. 

Around 0-6% to 0-7%, the structure appears to be of 
greater density without any dimunition in the amount of 
ferrite. 

Molybdenum-Chromium Irons. 

A similar series was made on irons containing a little 

chromium : — 


No. | TC. Si. Mn. s. Pp, Cr. Mo. 
is. 3°3 2-04 | 0-50 | 0-09 | 0-14 | 0-29 Nil. 
| > @ rr 3:4 2-00 | 0-53 | 0-06 | 0-14 | 0-29 | 0-24 
of ne 3°3 2-02 | 0-55 | 0-05 | 0-14 | 0-29 | 0-34 
i ere 3-4 2-00 | 0-55 | 0-05 | 0-14 | 0-29 | 0-72 
| Lt See 3-3 1-90 | 0-51 | 0-05 | 0-14 | 0-27 | 0-84 
| > Seer 3-4 2-00 | 0-55 | 0-05 | 0-14 | 0-29 | 1-00 
Mechanical Tests. 
Transverse 
Rupture | Deflection,| Tensile Brinell 
Stress, Inches. B.S.I1. 3,000 / 
Tons/Sq. In. 10/15. 
MoCr@ ....... | 81-0 0-18 18-7 229 
32-0 0-19 19-2 229 
33-0 0-20 20-2 241 
_ 2 Sa 35-3 0-21 22-4 255 
86-2 0-19 23-5 269 
338-0 0-20 23-9 269 
Microstructure. 


The effect of chromium with a molybdenum is to cause 
the pearlitic structure to take a finer structure, and also 
to reduce the size of the graphite flakes. This character- 
istic persists throughout the series. 


Molybdenum Nickel. 
A further series was made on iron with 1-0% nickel : — 


No. | 70. | Si. | Mn. s. P. Ni. Mo. 

% % % % % % % 

MONO occas 3-14 | 2-16 | 0-99 | 0-06 | 0-17 | 0-92 | Nil. 
Si eee 3-19 | 2-14 | 0-99 | 0-06 | 0-17 | 0-92 | 6-21 
Mo Nid ...... 3-15 | 2-12 | 0-99 | 0-06 | 0-17 | 1-04 | 0-48 
st ae 3-19 | 2-10 | 0-99 | 0-06 | 0-17 | 1-2 | 0-68 
Mo Ni 4 ...... 3-14 | 2-08 | 0-99 | 0-06 | 0-17 | 0-90 | 0-89 
MONG ccwace 3-14 | 2-04 | 0-99 | 0-06 | 0-17 | 0-87 | 1-00 
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Test Results. 


Transverse Tensile 


Rupture | Deflection,} Tons/ No. 
Modulus Inches. Sq. In. 120/2/10. 
0-875 in. Bar, 0-875 in. 
Bar. 


12 in. Centres. 


Mo NiO 


Me 42-0 - 22-84 296 

Mo Ni4 ....... 39-1 - 23-27 302 

Mo ....... 281 
Summary. 


Molybdenum refines the graphite, diminishes grain size, 
and sorbitises the pearlite, hence has a favourable influence 
on mechanical properties. The tendency to form ferrite 
is confirmed in these cupola melts, but does not appear 
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to seriously affect the mechanical properties. Chromium 
might be supposed to offset the tendency to form ferrite 
and up to 0-8% molybdenum ; 0-3% chromium appears 
to do so. The mechanical properties of molybdenum 
chrome are slightly higher in the transverse tests than the 
straight molybdenum irons, and the results given by 
molybdenum nickel are higher still in the same direction. 

The one outstanding property which molybdenum gives 
to steel more particularly than to cast iron is the resistance 
to creep stress and strength at elevated temperatures. 
Few tensile tests at high temperatures on cast irons are 
available, the following were carried out on the previously 
enumerated Mo and Mo Cr cast irons, and the results can 
be very helpfully compared, and which show the remark- 
able benefit to be obtained from the use of molybdenum 
in cast iron, under conditions where stresses are set up 
through repeated heatings and coolings. For point of 
usefulness, the information derived from these results 
indicated the possibility of using molybdenum cast iron 
for exhaust manifolds on internal combustion engines, and 
as results have proved, better service has been obtained 
than with ordinary cast irons of good quality. 

The test specimens of diameter 0-357 in. and gauge 
length 1-625 in. were tested in tension, using self-aligaing 
shackles at a temperature of 500° C., and at a strain rate 
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of 0-001 in. per min. The following table gives the ultimate 
tensile strength and the percentage elongation obtained 
on the various specimens ; — 


U.TS. Elongation. 
Identification. Tons/Sq. In. % 
14-85 1-90 
11-18 2-0 
11-74 1-9 
12-9 1-6 
14-58 1-94 
16-2 2-0 
16-7 1-9 


The effect on the tensile strength by the additions of 
molybdenum to the two irons investigated is shown 
plotted on the accompanying graph, from which it would 
appear that the creep resistance is little improved by 
additions of molybdenum above 0-85°%,. 


Cast Camshafts and Crankshafts. 


Cast iron is now known to possess a high ratio of fatigue 
strength to tensile strength, a most valuable property 
which is being exploited in the latest attempts to use this 
material in suitable form for cast crankshafts. Fatigue 
stresses are such as will cause failure of a structure under 
frequently repeated stresses very much lower than the 
respective ultimate static stresses. Fluctuating stresses 
are those which range between maximum and minimum of 
the same kind. Repeated stress is the range of stress from 
zero to maximum, while reversed stresses are those which 
change from compression to tension, and alternating stresses 
are reversed stresses of equal and opposite limits. 

It was taken for granted that cast iron has little resistance 
against alternating stresses, but results published some 
eighteen months ago in American automobile circles have 
shown that fatigue characteristics of cast iron compare 
very favourably with those of steel. 

The comparative insensitivity of cast iron to stress 
concentration effects, and the property known as damping, 
will considerably contribute to any success the cast-iron 
crankshaft may yet have in the automobile engineering 
world, 

Already it has been adopted on the large scale in one 
American automobile factory, and in this country there are 
a few workers busy exploring the types of alloy iron best 
suited for the particular design of crankshaft and camshaft 
in which they are interested. 

Present investigations are being carried along on two 
lines : 

1. Those alloy mixtures which when cast are white 
in fracture and unmachinable, but after suitable heat- 
treatment can be readily dealt with, due to the altera- 
tion in structure. 

2. Those cast irons which are of grey fracture and 
of refined structure and high strength. For such an 
internal stress removing heat-treatment may be all 
that is needed. 


Industrial Gas and Dust Masks. 


A COMPREHENSIVE description of the protective appliances 
available for dealing with the many gas and dust hazards 
in industry was given in a paper by Mr. J. Davidson Pratt, 
O.B.E., before a recent meeting of the Birmingham Section 
of the Society of Chemical Industry. The term * industrial 
gas masks,” said Mr. Pratt, was generally regarded as 
covering a wide variety of protective appliances, which 
might be conveniently divided into four more or less distinct 
classes: (1) Self-contained oxygen-breathing apparatus, 
(2) short-distance breathing apparatus (hose masks), 
(3) respirators, and (4) dust respirators. 

Firms intending to purchase gas masks had, first of all, 
to determine the nature of the gases that had to be 
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encountered in the works. Generally the gases would bh: 
limited in number and type: if they were all! of one type 
such as acid gases or organic vapours, so much the easier 
If the toxic gases varied in different parts of the works 
it might be desirable to have special designs of contains 
for each. Having settled the problem of the types of gases 
the firm should discuss the respirators required with a 
organisation which specialised in the production of ga- 
masks, and be guided by their advice. The efficiency of 
gas mask could -be determined by tests only on a sma!! 
percentage of the gas-mask factory output, since the 
protective value of the container was destroyed in the tes‘. 
Consequently, the best guarantee of efficiency was carefu! 
inspection of the component parts and close supervision of 
the processes of assembly. 

A difficulty arose in regard to the gas test. Only a 
limited number of tests could be made on each type of 
container, and the problem was to choose a test gas for the 
particular type which would give a fair idea of its per- 
formance against any gas of the series for which it was 
designed. Even amongst organic vapours there as no clear 
correlation between the chemical and physical properties 
and the amounts of the vapours that a respirator would 
absorb, whilst the same held good for alkaline absorbents 
and acid gases. This was a problem on which further 
investigation was necessary. The Home Office had arrange- 
ments for testing designs of industrial respirators for 
particular gases before it approved them for use, but the 
approval referred only to the original design, and there 
was no Home Office control over the firm’s subsequent 
production. 

On the question of storing gas masks, Mr. Davidson Pratt 
said that the best course was to hang them in a dark, cool 
cupboard, protected from all fumes and from the wet, 
with the facepiece spread out, so that, if of rubber, it was 
not under strain. The life of a mask, if of rubber, would be 
improved if it was worn occasionally, say once a month. 
At the same time the appliance might be inspected. For 
detailed advice as to how the inspection should be carried 
out, the Army publication, ‘‘ Defence Against Gas,’ would 
be found useful, as the main features of service and 
industrial gas masks were the same. 


Dust Masks. 


The need for a comfortable and efficient dust mask was 
becoming more and more apparent, said Mr. Pratt, in order 
to stamp out the diseases of silicosis, produced by the 
inhalation of silica dust, for example, in quarrying, and 
sandstone cutting and dressing, and of asbestosis, produced 
in the working of asbestos. Wet working and ventilation 
had done much to reduce the dangers, but there were many 
cases where such methods would not suffice and where some 
means to prevent, or at least to reduce, the inhalation of 
dust was necessary. In a few cases a hose mask could be 
used, but it had obvious limitations, and a dust mask or 
respirator to protect the nose and mouth was required. 

There were innumerable designs of dust masks on the 
market, mostly not very efficient or comfortable. They 
generally covered the nose and mouth only, and were, 
consequently, more difficult to fit comfortably than a 
complete facepiece. Rubber was generally used for the 
fitting surfaces, but might be attached to a metallic body. 

In some of the designs the wearer had to breathe in and 
out through the filter. This had often serious objections, 
and in the better designs an outlet valve for the expired air 
was fitted. Such masks could not be used where there was 
any toxic gas present with the dust, or where there was a 
deficiency of oxygen. Work was being conducted by 4 
Government Department to solve the problem of dust masks. 

In conclusion, Mr. Davidson Pratt again urged that the 
safest course was to go with a particular protective problem 
to a firm which specialised in the design and production of 
the devices, as that was the only way of ensuring that the 
protective appliances were in every way satisfactory ‘or 
the purpose for which they were intended. 
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The Unit Control Oil Burner 


By W. F. Wiltshire, M.I.Mech.E. 


The principle of the free vortex kas many 


menon and the principle is made use of in various 

appliances, such as for separating dust from 
atmospheric air. In these applications advantage is taken 
of the centrifugal force set up by the vortex, but little 
attempt seems to have been made to develop and put into 
practical use the partial vacuum created by the centrifugal 
force, and which exists on the axis of rotation. 

In the “ Rotavac ”’ oil burner the vacuum created by a 
free vortex of air is made use of to obtain a fuel velocity 
at the jet, such as could only be otherwise given by having 
the fuel under pressure, either by means of a pump or by a 
head due to gravity. Also when installed in such a way 
that the fuel feed to the burner gives a neutral fuel pressure 
at the jet the ratio of fuel to air will remain constant, so 
that the burner may be controlled by varying the air 
supply only. 

The main body of the burner consists of a bored cylinder, 
a (Fig. 1) into which fits the air regulator, b, the latter 
being a rotatable ported sleeve with a flange which abuts 
against a face on the main body. The other end of the 
sleeve has an inside flange, the inner side of which is in 
contact with a flange formed on the burner nozzle, c, the 
latter being held in position by the vortex sleeve, d, which 
is permanently fixed to the end casting, e, closing the 
regulator sleeve. By permanently fixing the vortex sleeve 
to the end casting, protection is given to the fuel jet when 
the burner is dismantled. The jet f is a special steel nipple 
inserted in the jet stem, the latter being integral with the 
end casting. The jet end of the vortex sleeve is counter- 
bored to receive the vortex cone g which is a push fit into 
the sleeve and has a nozzle, h permanently fixed to it. 
The burner nozzle has an extension sleeve, i, which is fixed 
by means of grub screws which allows a small initial 
adjustment axially. 


T'= “free vortex’ is a well-known natural pheno- 


Fig. 1.—** Rotavac” Oil Burner. 
Pat. 414,756. 


\\r adjustment is made by means of a handle on the 
out rv flange of the air regulator sleeve, a graduated scale 
beiig provided on the burner body. Fuel adjustment is 
by .eans of a needle control valve which is operated by a 
reg) ‘ator with micrometer graduations, an inner gland 
of .mple proportions being provided to prevent leakage. 

Cl is led to the jet by means of a short curved pipe, j, 
on ' .e outside, which at one end is fixed in the end casting, 
its ther end ‘communicating with the oil connection on 
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In this article, the author 
the principle is applied to advantage. 


the burner body by means of a gland. The packing of the 
gland nips the pipe circumferentially and serves to main- 
tain the end casting, air regulator sleeve and other associa- 
ted parts in assembly, the detachable parts being made 
sliding or push fits one inside the other. 

To dismantle the burner the pipe gland is slackened, 
thus enabling the whole inner assembly to be withdrawn 
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Fig. 2.—-Complete oil-fuel installation for light fuel oil. 


axially in one unit from the burner body, the latter being 
left in position on the furnace. The burner may, therefore, 
be dismantled and reassembled without disturbing its 
location on the furnace, the operations being performed 
merely by slackening and tightening one gland. The 
required amount of air for combustion having entered the 
air regulator sleeve passes around the vortex sleeve and 
enters same by means of tangential ports,k. This gives 
the air the necessary whirling effect to create the vortex, 
and the centrifugal force set up forms a partial vacuum 
on the axis of rotation, thus causing a suction on the jet. 


Vawwe 


Fig. 3.—-Graph showing vacuum at the jet with 
corresponding air-pressure supply. 

Fuel on issuing from the jet is atomised by the combined 
effects of its velocity, the centrifugal action, and the rare- 
fied atmosphere of the partial vacuum. A fine mist is 
produced which is carried forward along the vortex nozzle. 
A certain amount of the fuel is deposited by centrifugal 
force in the form of a film around the inner wall of the 
vortex nozzle, and is re-atomised at the extreme end of 
same by means of secondary air supplied by the burner 
nozzle, which in turn is supplied from the air regulator 
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through radial holes, 7, in the forward end of the vortex 
sleeve. The shape and relative proportions of the vortex 
chamber together with the stream-lined and enlarged jet 
head have been developed by considerable experimental 
work and have been found to give the maximum jet suction. 

Fig. 2 shows a complete oil fuel installation for light 
fuel oil. Under favourable conditions the burner will 
operate on a small negative head with this fuel, the latter 
being drawn up by the suction on the jet. For fuels of 
200 seconds viscosity to ensure a good supply, it is usually 
necessary to raise the tank so as to give a few inches head 
of oil to the burner in order to overcome the frictional 
resistance to flow in the pipework. 


| _ 
| cme “ER 
fi 


On 


Fig. 4. 


by weight will remain constant. 


Fig. 3 is a graph showing the vacuum at the jet with 
corresponding air pressure supply to the vortex of an 
experimental model with a small jet. It will be seen that 
the resulting graph is nearly a straight line, and for practical 
purposes may be assumed to be so within the limits of 
operation of a low pressure burner. The formula for the 
velocity of discharge from a jet. 

v= V2gh 
may in this case be written 
veo V2gs, 
where s is the vacuum at the jet, and since from the graph 
sa P, 
the above may be written 
vo V2gP 
but V=velocity of discharge of air gP, 
therefore 
vo Vv 
#® meaning proportional to. 

Thus from the above, in a case where the fuel is supplied 
to the burner in such a way that the fuel pressure at the 
point of discharge from the jet is neither positive nor 
negative, the ratio of fuel to air by weight will remain 
constant over a wide adjustment of the air regulator. 
Fig. 4 shows an installation in which these conditions 
prevail. Fuel is fed by gravity to a unit control tank, 
situated below burner level and in which the fuel level is 
kept constant by means of a float operated valve. An 
adjustable flow of air is admitted to this tank from the 
main air supply, sufficient to overcome leakage through a 
small hole in the top of the tank, and at the same time 
maintain a small pressure in the tank. This air supply to 
the tank is given an initial adjustment so as to maintain 
sufficient pressure to overcome the resistance to flow of the 
fuel to the burner caused by friction and the small negative 
head, thus giving a neutral pressure at the jet. Under 
these conditions the ratio of fvel to air will remain constant 
over a wide range of adjustment of the air supply. Should 
the burner be extinguised by failure of the air supply, the 
fuel supply to the burner will cease since there will be no 
pressure in the unit control tank to raise the fuel to the 
burner. Complete safety is therefore ensured against the 
possibility of oil flooding in the event of the fan ceasing 
to operate. 

For automatic control a thermostat regulated fluid 
pressure to the spring loaded piston of an air control 


An installation in which the ratio of fuel to air 
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cylinder which operates a lever attached to the end of a 
spindle which carries a damper valve in the pipe flange of 
the burner. By this means the air supply is regulated to 
maintain either a constant furnace temperature or a 
constant water temperature in the case of a water heating 
installation, This gives a very simple automatic contro 
since the synchronized dual control relay to automatical]) 
regulate the fuel as well as the air is entirely done awa, 
with, thus effecting a substantial economy in the initia! 
outlay. 


-Vacuum obtained with jets of 
various sizes. 


Fig. 5. 


The burner may also be applied to a boiler to maintain 
a constant steam pressure by connecting the air control 
cylinder to the source of supply of steam. 

In a unit control installation the burner may be operated 
by hand, it being only necessary to adjust the air. One 
or more burners may be supplied from one unit control 
tank provided the burners are all on the same level. Also 
any number of burners may be controlled by one air 
valve, whether by manual or automatic operation, this 
feature is of value in cases where a furnace is fired by several 
burners as in the case of large billet heating furnaces. 

The atomising power of the vortex is well illustrated by 
the fact that the burner will efficiently handle Creosote 
fuel of 1,500 seconds viscosity (at 140° F. Redwood), 
provided the fuel is fed under a pressure of approximately 
25 lbs. per square inch. in order to overcome the high 
resistance to flow in the pipework, the air pressure necessary 
being 25 in. W.G. With this fuel the burner readily ignites, 
and it is not necessary to heat either the air or fuel to 
obtain good combustion. 

Fig. 5 shows a graph of vacuum obtained with jets of 
various sizes using a 1? in. diameter vortex, from which 
it will be seen that the principle is only of value in cases 
where the ratio cf jet diameter to vortex diameter is small, 
as in the case of a liquid fuel burner. 

The product is being manufactured and marketed by 
‘“Rotavae Mechanical and Manufacturing Engineers, 
16, Factory Centre, King’s Norton, Birmingham. 


Found in the Veldt. 


A Birmingham correspondent, Mr. L. Harris, tells us 
that during the world war he was engaged in organising 
African native labour corps for service in Flanders, and 
undertook an expedition involving several thousand miles’ 
travel through the roughest parts of the country. When 
some distance from Nairobi, he chanced to see, lying in 
the veldt, a small piece of metal which, on investigation, 
proved to be a sample of Monel Metal with the name 
clearly stamped on one face. How it found its way into 
a part of Africa where white men were scarcely ever seen, 
and how long it had been there will probably never be 
known. The finder has preserved the piece of metal as a 
souvenir of his war-time mission, and it is interesting to 
note that after all these years it is quite free from any 
sign of corrosion. 
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Business Notes and News 


Tin Smelting Plant for Merseyside. 


The Straits Trading Company, Ltd., of Singapore, has 
decided to erect a large new tin-smelting plant near Liverpool. 
This plant will be operated by a new company, the British 
Tin Smelting and Refining Co., Ltd., and will treat ores and 
concentrates from Nigeria and Bolivia. Further details of 
the scheme are not yet available, but it is announced that the 
company have acquired a site for the works in Bootle. 

The erection of this new tin plant is claimed to be due to 
changing economic conditions in Malaya, but the fact that 
the Straits Trading Co., Ltd., is the largest independent tin- 
smelting concern in the British Empire should not be over- 
looked, and the influence of this new smelter on the existing 
European tin-smelting industry will be considerable. 


Steel Rebates to Shipbuilders. 


A conference will be held shortly between representatives 
of the Shipbuilding Employers Federation and the British 
Iron and Steel Federation to review arrangements existing 
with manufacturers and to decide on a further period of 
agreement. The present system has worked well and has 
been of mutual advantage to the two industries. When the 
steel trade were granted protection shipbuilders made no 
secret of their fears that it might lead to exploitation, but in 
operation this has not proved to be the case. There has been 
co-operation, and the temporary agreement between the British 
Iron and Steel Federation and the Continental Steel Cartel in 
respect of certain shipbuilding materials has tended to lessen 
the disparity in prices paid by British and Continental ship- 
builders. 

Shipbuilders unquestionably desire to see a continuance 
of the existing system of rebates, especially those firms who 
have no connection with steel manufacturers. On the North- 
East Coast there is probably only one shipyard financially 
linked to the steel trade, but in the Clydeside area there is 
quite an intimate financial connection between the two 
industries. The independent shipbuilders feel their position 
would be seriously prejudiced if the rebate system was with- 
drawn by the steel manufacturers or substantially modified. 


Welding Bronze Propellers. 


A remarkable welding repair job, probably unique in Italy, 
was recently executed on two naval type three-bladed bronze 
propellers, weighing about 14 tons each. The material of 
which the propellers are made has a tensile strength of about 
35 tons per square inch, and is very sensitive to heat treatment 
and for this reason great care was taken during the welding 
operations to prevent the part being welded attaining anything 
near a black heat. 

This repair work was carried out in the open in the harbour 
of Genoa on behalf of the Cantieri Riuniti dell’ Adriatico, 
Trieste. Special manganese bronze metal core electrodes were 
used with a d.c. welding set, consisting of a 6 kw. dynamo 
and an a.c. motor, 220 volts 50 cycles. The first operation 
necessary for a perfect result of the job was correct preparation. 
This condition was reached by chipping away all eroded metal 
until a clean surface of bronze was obtained, otherwise dirt 
or dross would have prevented a good weld being made. 

Owing to the inclination of the surfaces, to avoid the 
downward running of the molten metal care was taken to 
begin welding from the lower part and proceed upwards. As 
soon as a layer was deposited, it was at once hammered to 
help the stretching out of the metal and to avoid as much as 
possible the forming of any internal stress. 


Unwrought Tin Alloys Imported Free. 


The Treasury, on the recommendation of the Import Duties 
Ad\ isory Committee have made the Import Duties (Exemp- 
tion-) (No. 17) Order, 1934, adding to the free list as from 
, mber 30 unwrought alloys or mixtures of metal in blocks, 
ing: 's, cakes, bars and slabs (whether broken or not) containing 
mo: than 20 per cent. by weight of tin. 

A number of firms in this country are engaged in the recovery 
n from imported scrap material, which for convenience 
of | ansport is frequently melted down abroad and roughly 
mo) ‘ded into blocks, ingots, ete., containing varying per- 
cen’ ges of tin, the final refining process being undertaken 
m country. 
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Metallic Spraying. 


The process of spraying protective metallic coatings and the 
wide range of subjects to which the process is applied were 
described in a paper by Mr. W. E. Ballard before the 
Manchester Association of Engineers at the Engineers’ Club, 
Manchester, recently. After describing the preparation by 
sandblasting of surfaces to be sprayed so as to make the 
meshwork of the surface conform approximately to the size 
of the metallic particles to be received, Mr. Ballard discussed 
the protective values of the different metals used for spraying. 
Zine coating was used for steel window frames, transmission 
pylons, outdoor work of all kinds, tanks in which hard water 
was a corroding medium; over 1,200,000 square feet of 
surface was covered by zine coatings in 1933. The figure 
would be still higher in the current year. Aluminium, tin, 
nickel, copper, silver and gold coatings were also considered. 

In conclusion Mr. Ballard said that metal spraying was a 
method by which, with a universal tool, any metal or alloy 
which could be drawn into a wire and would melt in an oxy- 
acetylene blowpipe flame could be used as a coating. Within 
his own experience he had known it in industries so far apart 
as the manufacture of artificial teeth and diamond drills, and 
on articles so widely divergent as guncotton and gasometers. 


1.C.I. to Start Petrol Production Early 
in 1935. 


Sir Harry McGowan, chairman of Imperial Chemical 
Industries, Limited, has announced that production of petrol 
from coal at the company’s plant at Billingham, Durham, 
should begin early next year. In a recent speech given in 
Glasgow, he said that many hopes attach to the new process 
of hydrogenation. As you are all aware, my company has now 
in course of erection at its Billingham factory a plant for the 
production of petrol from coal. I am glad to tell you that 
construction is well up to expectation, and production should 
commence early next year. 

We are convinced from our past researches, which have 
been both extensive and expensive, that this plant will achieve 
success, but you will readily understand that it will have to be 
run for some time before there can be any question of dupli- 
cating that plant, either at other centres in England or in 
Scotland. He added that any hopes of the early erection of a 
plant in Scotland should not be entertained. 


Davy Bros. Propose Reconstruction 
Scheme. 


The support of several well known steel works in Sheffield 
who are creditors of the Company, has been obtained by Davy 
Brothers, Ltd., to a proposed reconstruction scheme. The 
accounts of the Company have been closely investigated, and 
in view of the financial position, the value of the works and 
plant, and the amount of work in hand, there is every likelihood 
that suitable arrangements will be made. The compulsory 
winding-up was again before Mr. Justice Eve in the Chancery 
Division recently, on the petition by the Glanmor Foundry 
Co., Ltd., but in view of the proposal a further adjournment 
was agreed upon. 

Progress has been made with a view to the adoption of a 
reconstruction scheme with which the name of a well-known 
financial group is associated. It is anticipated that the 
necessary arrangements will be made within the six weeks 
mentioned in the adjournment. Davy Brothers, Ltd., is a 
long established Company, with a high reputation, and it 
would be a regrettable loss to Sheffield should it be impossible 
to proceed with the contemplated scheme. 


Orders for 110 Diesel-engined, double-deck ‘buses, of an 
aggregate value of about £165,000, has been allocated by 
Glasgow Municipal Transport Committee. The Committee 
recommended the purchase of 60 complete ‘buses from the 
Leyland Company, whose tender was the lowest. It was also 
decided to buy 50 Albion chassis and 50 Cowieson bodies, and 
to order for these 30 Beardmore engines and 20 Gardner 
engines. 

The new ‘buses will have all-metal bodies, and will be a new 
type in the city. It was stated that an experimental Diesel- 
engined *bus in Glasgow had run nearly double the mileage 
of a ‘bus with a petrol engine. 
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ALUMINIUM. 
98/99% Purity 


ANTIMONY. 


Solid Drawn Tubes 
Brazed Tubes 
Rods Drawn 

Wire 


COPPER. 


Standard Cash 
Electrolytic 

Best Selected 
Tough 

Sheets 

Wire Bars 

Ingot Bars 

Solid Drawn Tubes 
Brazed Tubes 


FERRO ALLOYS. 


tTungsten Metal Powder .. Ib. 
tFerro Tungsten 
Ferro Chrome, 60-70%, Chr. 
Basis 60°, Chr, 2-ton 
lots or up. 
4 Carbon, scale 11/ 
unit 
Carbon, scale 7 
per unit 
6-8°%, Carbon, scale 
| per unit 


NOMINAL 


8-10°, Carbon, scale 7 
per unit 
§Ferro Chrome, Specially Re- 


§ Spiegel, 18-20% 
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MARKET PRICES 


GUN METAL. 
*Admiralty Gunmetal Ingots 
(88: 10:2 
*Commercial Ingots 
*Gunmetal Bars, Tank brand, 
lin. dia. and upwards, . lb. 
*Cored Bars 


Soft Foreign 
English 


MANUFACTURED IRON. 


Scotland 
Crown Bars, Best 
N.E. Coast— 
Rivets 
Best Bars 
Common Bars 
Lancashire 
Crown Bars 
Hoops 
Midlands 
Crown Bars 
Unmarked Bars from 
Nut and Bolt 
£7 10 Oto 
Gas Strip 
S. Yorks 
Best Bars 
Hoops 


PHOSPHOR BRONZE. 


*Bars, Tank’ brand, 1 in. dia. 
and upwards—Solid 

*Cored Bars 

tStrip 

tSheet to 10 W.G, 

tWire 

tRods 


SCRAP METAL. 


Copper Clean £24 


Pe 

Wire 
Brass 


Aluminium 

Lead 

Heavy Steel— 
Scotland 
Cleveland 

Cast Tron— 
Midlands ... 
S. Wales 
Cleveland 

Steel Turnings— 
Cleveland 
Midlands 

Cast Iron Borings— 
Cleveland 
Scotland.... 


SPELTER. 
G.O.B. Official ... 


English 
India 


Ship, Bridge, and Tank Plates 
Scotland 
North-East Coast 
Midlands 
Boiler Plates (Land), Scotland . 
» (Marine) ,, 
ae » (Land), N.E. Coast 


tort 


HOOPS. £9 0 Oto 10 


0 
0 
6 
0 
R 0 
fined, broken in small tTubes (Marine) 6 
pieces for Crucible Steel- tCastings ‘ ‘ Angles, Scotland 6 
work, Quantities of 1 ton +10, Phos, Cop, £30 above B.S, we North-East Coast 6 
or over. Basis 60°, Ch. +15°, Phos, Cop. £35 above B.S, Midlands . 6 
Guar. max. 2% Carbon, *+Phos. Tin (5°,) £30 above English Ingots. 0 
scale 11/0 per unit Heavy Rails 0 
Guar, max. 1b, Carbon, PIG IRON. 0 
scale 12/6 per unit Scotland- : . Light Rails £8 10 0 to 0 
§Guar. max. 0-7%, Carbon, Hematite M/Nos. Sheftield— 
| seale 15/— per unit Foundry No. 7 Siemens Acid Billets 6 
{Manganese Metal 97-98% No. Hard Basic ....£6 17 6 to 6 
» Mn. N.E. Cosst—_ Medium Basic..£6 12 6 and 0 
Hematite No, Soft Basic 0 
§ Ferro-Vanadium Foundry No. £9 10 0O to 0 
Manchester 
0 
0 


Ferro Silicon 
Basis 10%, 
per unit ton 
20/30°%, basis 25%, scale 
3/6 per unit 
45/50°,, basis 45°, scale 
5/- per unit 
70/80°%, basis 75°, scale 
7/- per unit 
90/95°,, basis 90%, scale 
10/— per unit 
§$Silico Manganese 65/75°% 
Mn., basis 65°, Mn. ... 
§$Ferro-Carbon Titanium, 
15/18°, Ti 
Ferro Phosphorus, 20-25% 
§ Ferro-Molybdenum, Molyte 
§ Calcium Molybdate 


FUELS. 
Foundry Coke— 
S. Wales ... 
Scotland........ 
Durham 
Furnace Coke— 
Scotland..... 


Silicon Tron 

Forge 
Midlands 

N. Staffs Forge No. 4 

= Foundry No, ¢ 

Northants 

Foundry No. 

Forge No. 4 

Foundry No, ¢ 
Derbyshire Forge 
Foundry No. 
Foundry No. 
West ‘Coast Hematite 
East 


SWEDISH CHARCOAL IRON 


AND STEEL. 


Kr. per English ton @ 19°40 to £1 


approximately. 
Pig Iron Kr. 103 


Billets Kr, 240-290 £13 10 0-£16 
Wire Rods Kr, 280-320 £15 15 0-£17 


Rolled Bars (dead soft) 


Kr, 200-220 £10 12 6-£11 11 


Rolled Charcoal Iron Bars 


Scotland, Sheets 24 B.G 


HIGH SPEED TOOL STEEL. 


Finished Bars 14° Tungsten .. 

Finished Bars 18%, Tungsten .. 
Extras 

Round and Squares, } in. to } in. 

Under }in. to fin. .......... 

Round and Squares 3in. ...... 

Flats under lin. X fin, ...... 


TIN. 


Standard Cash £228 10 


English 
Australian 


English Sheets 
Rods 


Ib. 


Battery Plates ......... 


8. Wales ....... Kr. 290 16 0 
Boiler Plates......... 


Durham ..... All per English ton. f.o.b. Gothenburg. 


* MoKechnie Brothers, Ltd., quoted Dec. 10. ¢ C. Clifford & Son, Ltd., quoted Dec. t Murex Limited, quoted Dec. 10 


Subject to Market fluctuations, Buyers are advised to send inquiries for current prices. 


§ Prices quoted Dec. 10, ex warehouse, 


£52 0 0 19 0 
-- 66 0 
*Extruded Brass Bars ........ 33d. £10 5 0 
95 0 115 0 
12 0 0 sid 
0 3 0 6 
10 15 Re-melted 1215 0 
12 0 0 
q 
131 0 0 SC“ STEEL. 
7 6 3? 
0 0 44 3 8 0 
14 16 0 0 
o Tin Plates I.C. 20 x 14 box 18/2 aa 
1 8 0 12 6 
06150 ZINC. 
“ea 


